Ä—wT— 


STELEGRAPH ENGINEERS, ELECTRICIANS AND CONTRACTORS. 


> POLES— Wrought Iron or Composite Poles for Telegraph, Telephone, and Electric Light purposes. House-Top Poles and Fittings. 
P INSULATORS—Johnson & Phillips’ Patent Fluid Insulators, and all kinds of the ordinary form, Shackles, Shackle Straps, &c. 
ir ton and Steel Wire, Galvanized, Plain, or Stranded. Insulated Wires of every description. 


OCOCXXX 1X. FouRPEnce. 


— — — — — = — — 
— — — — — 


LONDON: PUBLISHING OFFICE, 22, PATERNOSTER ROW, Et 0. —— per annum, Postage 
inclusive, in Great Britain, 19s. 64. to to ‘Countries in Postal Unior, of the first clase, 218. Sd. ; of the second clase (Aden, 
India, Persia, &e.), Yore: D, Van NosTRAND, 23, Murray Street, and 27, Warren Street. Paris : 
Madame Veuve J. ———— Librairie Etrangère, 22, Rue de la Banque. Bertin: A. Asner & Co., 5, Unter den Linder. 


JOHNSON PHILLIPS, 


OFFICES :—44, UNION COURT, OLD BROAD STREET, LONDON, E. C. WORKS :—CHARLTON, KENT. 4 
TELEGRAPHIC ADDRESS :—"JUNO.” LONDON. 
UNITED EXCHANGE TELEPHONE No. 1010. _ PRIVATE WIRE, CITY OFFICES TO WORKS. 


Mesefacturers of all Telegraph Appliances, Materials, and Machinery for Making Laying and Maintaining | 
Subnurine Cables, and Contractors for Underground and Aérial Telegraphs. | | 


Sole Makers of Trott & Hamilton's Patent Grapnel Rope and Trott & Kingsford's Patent Indicating Grapnels. 


Jron and Steel Telegraph Buoys, Grapnels, both Patent and Ordinary; Centipedes, Creepers, Mushrooms, Sinkers, 
Cable Tanks, Piching-up and Pa v are Machinery, Dynamometers, Bow and Stern Gear, Steam and 
Hand Haubing Gears, Rope and Chain Fittings, able Drums, Splicing and Joinfing Tools, Aa., Ge. 


Machinery Designed and Constructed for the Complete Equipment of Telegraph Cable Factories and Vessels. 
| Steam and Hand Wire Sounding Machines for Deep and Shallow Water: 


All Apparatus and Material used in the Construction, Maintenance, aud Working of LAND LINES, viz. :— 


BATTERIES—Sole Makers of Higgins’ Patent Bichromate Batteries, Leclanché, e. Zinc and Carbon Plates. Ÿ 
INSTRUMENTS.—Morse, Needle, Bells, Galvanometers, and other Testing Instruments. — 


Makers of Underground, Aëtial, Torpedo, and Field Cables, with Single or Multiple Cores, 


Insulated ae Wires in Vulcanized India-rubber, G. P., Silk and Cotton; taped or braided. 


Lightning Conductors of the most approved types. 
Makers of Dynamos, Lamps, Cables, ELECTRIC Stock of Carbons, &c., kept ready for 
Carbons, Switches, &e., &c. LIGHTING. : immediate delivery. 


SOLE MAKERS OF THE . 
BROCKIE-PELL PATENT UNIVERSAL” 


ARC 


SOLE MAKERS OF THE. _ 
BROCKIE-PELL PATENT “UNIVERSAL” 


ARC 


WHICH 18 


And barus 18 hours with 


Me only Arc Lamp that can be tied ath comfort te the 
eyes for interior Ughting. 


And can be used on the same circuit with other lamps. 


Me clockwork, springs, liquid dash-pots, nor make-and-break 
‘contacts to gét out of order. 


Of any Power from 500 Candles upwards. 


FULL PARTICULARS FURNISHED ON APPLICATION 


WHICH 18 


L 
= 
, 
1 
? : 
hd 
| 
>. 


» > | à 


Me 

4 d ~ 


* 14. UE . L 2 


on Boral fetter 
PATENT ROLLED 


SHAFTING 


„Leeds, 
IN IRON ANU STEEL 
Sr 


SILVER. MEDAL, INTERNATIONAL ELECTRIC EXHIBITION. 18842 
International Inventions Exhibition, 1885, GOLD MEDAL tor Machinery, SILVER MEDAL for Cables and Wire, 
MANY FACTURERS 


| | MANUFACTURERS 
or 
Silk and Cotton Covered _ SUR Covers and 
Wire and Taps of Flexible Wires for 


Sines for Electrical pur: Suspending, &, 


Em Double Concentric Ejee- 
poses. | atric Light Cables to 
Specially Insulated me 
Light Leads All classes of Aërial and 
Electric io; = Underground Cables to 
Cables and Multiple any Specification, 
Wire for he V Anti-Induction 
ems. 


Cables for the Telephone. 
Contractors to HM. Postmaster-General, the Indian Government, the principal Railway, Telephone, and Electric Light Companies. 


MANUPACTURERS, BY PATENT PROOESSES,”: OF 


GLOVER'S PATENT COVERED IRON WIRE FOR AERIAL LINES | 


Glover’s Patent Covered High-Conductivity Copper Wire for Aérial Lines. 


GLOVER'S PATENT COVERED GUTTA PERCHA WIRE 


FOR LEADING-IN, TUNNEL, AND UNDERGROUND WORK. 


Thoroughly Insulated Anti-Induction Telephone Cables Up to ONE HUNDRED Wires, 


WALTER T. GLOVER & CO., 


Electrical Wire and Cable Makers, 


wn | SALFORTD, MANCHESTER. | ESTABLISHED 1868: 
| Bridgewater Street Iron Works. | | 
WORKS :- }Saiford Electric Wire Works. 
Springfield Lane Cable Works. 


Offices :—4, GREAT WINCHESTER T., B. C. Works MILLWALL. E. 
Telephone Nos.—Office, 888; Works, me 16. Registered Telegraphie Address—“STORAGE.” LONDON. 


— 


MANUPACTURERS OF 


Tue H. P. S. ACCUMULATORS 


(Faure, Selion, Swan, Volckmar and other Patents) 


FOR ELECTRIC LIGHTING ON INCANDESCENT OR ARC SYSTEM, OR FOR MOTIVE POWER. 
The only GOLD MEDAL awarded for improvements in ACCUMULATORS at the International Inventions Exhibition was given 10 this Company. 


Manufacturers ef Electrica) e Launches and Hoists ; Motors and. Propelling Gear ; also Main 
| Distributing Switch Boards, Fittings and Automatic Switches for Installations. 


CONTRACTORS for the COMPLETE INSTALLATION of the BLECTRIC LIGHT in PRIVATE we 


BLECTRIC G FOR BALLS, DINNER Ko. 


OTICE IS HEREBY GIVEN that every manufacturer ‘and did user of any 
secondary battery of the construction or form. covered by the above Company's 
patents without a license renders himself responsible for such unlawful manufacture and use, 
and all the consequences thereof, 8 only firm of manufacturers, in * Britain, 


Là 


1 

81 

| W 

mé 

ra 

the 

Th 

ab 

in 

res 

do 

gi 

tri 

w 

ac 

st 

be 

| e 

j 

| 

U] 

fo 

Ve 

~ 

v 

| 

a 

P 

e 

| y 

| G 

g 

| j 

| t 

e 

t 

~ 

| 
— 


THE TELEGRAPHIC JOURNAL AND 


APRIL 23, 1886.) ELECTRICAL REVIEW. 367 


— 


THE TELEGRAPHIC JOURNAL AND 


Glectrical Review. 
VoL. XVIII.—No. 439. 


— —— 


SECONDARY GENERATORS OR TRANS. 
FORMERS. 


WE hope shortly to be able to give some further infor- 
mation respecting the working of the secondary gene- 
rators in the city of Tours, a description of the plant 
there employed having already appeared in our pages. 
The performance of these induction coils in the town 
above mentioned will be watched with all the more 
interest inasmuch that, if the information which has 
reached us is reliable, and this we have no reason to 
doubt, the Gaulard-Gibbs apparatus do not appear to 
give satisfaction at the Grosvenor Gallery. 

We have never waxed enthusiastic over this current- 
transforming method of distributing electricity, although 
we freely admit that Messrs. Gaulard and Gibbs have 
achieved results which we but little anticipated. We 
still think, however, that their most favourable records 
between energy expended and energy returned oc- 
curred under conditions which will not be met with 
in practice. But it is not so much on the point of per- 
centage of return that we desire to say a few words as 
upon the actual value of the apparatus for general use. 

We understand that one of the principal faults to be 
found in the Grosvenor Gallery apparatus is that of 
very bad regulation, .., if a given number of lamps, 
say 100, are fairly constant while all are in operation, 
very bad regulation ensues amongst the remainder if 
some 20 or 30 are turned out. If this is a fact, cannot 
something be devised to remedy a drawback so dis- 
agreeable and inconvenient to the consumer? Whilst we 
are now fairly conversant with the good and bad 
points of secondary batteries and can to a certain 
extent make provision against their vagaries, we are 
very much in the dark so far as any working data 
is concerned which deals with induction coils. Prof. 
Galileo Ferraris’ elaborate report on these apparatus 
gave but little indication of what might be met with 
in commercial operations; and, if rumour speaks truly, 
there are yet many difficulties to be overcome before 
electrical transformers will be generally adopted. 

It appears to us that for lighting over small areas 
their employment is not advisable, and that their real 
forte is in supplying power over long distances. Even 
in the latter case secondary batteries can be as readily 
made subservient to our desires; but induction coils 
have these advantages they are doubtless very much 
cheaper than accumulators, and they are practically 
indestructible. Naturally the number of persons 
having any real experience in the working of trans- 
formers is exceedingly limited; when such practice 
becomes more general, the deficiencies now existing 
* be supplied if scientific opinion decides that there 
is a future for these apparatus. 


SPANISH TELEGRAPHS. 


THE Spanish Administration of Posts and Telegraphs 
has published the telegraph statistics for the half year 
ending June, 1885. We gather from it that during 
this period there has been a considerable diminution 
in the receipts, due it is said to very serious loss of 
crops, untsually severe storms, and notably to the 
cholera epidemic. 

The following brief reswmé of the information given 
in the report may be of interest :— | 

The peninsula is divided into six telegraph depart- 
ments, among which are included the Balearic and 
Canary Islands, and are named, respectively, the 
Northern, North-Eastern, North-Western, Southern, 
Eastern, and Western divisions ; these are subdivided 
into 13 telegraph centres. 

The telegraph corps consists of 3,540 persons, all told, 
of whom only 45 are females. The principal officials 
are—an inspector-general chief of the telegraph depart- 
ment, an inspector-general chief of general service, 
6 divisional or departmental inspectors, and 13 chiefs 
of centres. 

During the six months ending June 30th, 1885, 
there were only 108 kilomètres of line constructed. 
At this date the Government lines consisted of : 

17,596 kilomètres of overhead lines, 
129 1 „ underground cables, 
236 „ submarine 


carrying the following lengths of conductors: 


Overhead lines . . 42,981 kilomètres, 
Underground cables 337 a 
Submarine * 236 * 

These figures do not include private lines, the lines 
belonging to railway companies authorised by Govern- 
ment to conduct public service, or telephone lines. 

The report gives the number and nature of instru- 
ments employed on the Government lines as: 

Hughes me 
Duplex ... 400 8 
Translators 

There is no account given of the instruments em- 
ployed on lines other than Government, but it is stated 
that the railway companies chiefly use the Bréguet 
system. 

During the six months referred to, there were 854 
occasions on which the lines were interrupted for more 
than six hours, due to the following causes: — 

Breaking of wire ve ss 212 
Purposely ... ie 33 
Unknown ... 188 

Although the report gives the receipts, there is no 
account of the expenditure, so it is impossible to form 
any idea of the revenue accruing to the Government 
from its telegraph business. 

The telephone system has been rapidly extending, 
and at the date already mentioned there were, besides 
797 stations actually working, some 99 in course 
of installation. The receipts from the telephone ser- 
vice during the six months ending June 30th, 1885, 
amount to about £1,161, and the expenditure, which, 
however, counts from August of 1884, when a large 
increase of the telephone system was commenced, is 
given as £11,200. This amount includes, not only 
material already used, but sufficient for the continua- 
tion of the extension of the lines during the next six 
months. 
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PERMANENT COMMUNICATION WITH 
TRAINS IN MOTION. 


RAILWAY accidents occur frequently enough to make 
it desirable that the question, so difficult, and yet so 
interesting and important, of permanent communica- 
tion, telegraphic or telephonic, between trains in 
motion and the neighbouring stations should be solved. 
Without insisting on the evident utility of the solution 
of such a problem, we propose passing in review, writes 
M. Hospitalier, in La Nature, the principles of the 
devices proposed or tried hitherto, pointing out more 
particularly those which for about a year have pro- 
duced some sensation in America, and, by report, in 
Europe. We shall speak only of permanent commu- 
nication. 

The idea of establishing permanent communication 
with trains in motion is by no means very recent. The 
first method proposed consisted in a special continuous 
rail laid down between two ordinary rails, on which a 
movable rubber established a permanent contact, A 
system thus constituted was experimented with for a 
month on a trial line laid down between Argenteuil 
and St. Cloud. It had to be given up in practice after 
a month’s service, 

A closer study of electric actions at a distance, the 
discovery of polarised relays, of electric diapasons, and 
lastly, that of the telephone have considerably 
augmented the resources of the electrical engineer. 
Several inventors have sought if it was not possible 
to utilise these novel discoveries by suppressing the 
permanent metallic communication and substituting 
for it inductive actions which are transmitted with 
great rapidity through all dielectrics, especially the air. 
This is the principle which characterises the new sys- 
tems, already very numerous, and which may be 
divided into two great classes :— 

1. Magnetic induction systems. 

2. Electrostatic induction systems. 

Each of these classes admits of sub-divisions founded 
on the nature of the transmitting and receiving appa- 
ratus, which in different cases are telegraphic relays, 
telephones, or a combination of both. 

Magnetic Induction Systems.—The first apparatus for 
telegraphic communication with moving trains, based 
upon the principle of magnetic induction, was devised 
by Mr. L. J. Phelps, and established more than a year 
ago, by way of experiment, on a line of about 22 kilo- 
metres in length, at New York, between Haarlem River 
and New Rochelle junction. It has been in daily 
regular use ever since, and has recently prevented an 
accident by informing the conductor of a moving train 
that a preceding train had just broken its couplings, 
and that several of the carriages from the tail of this 
train were obstructing the line. The following is the 
principle of the Phelps system :— 

A fixed conductor is placed in the middle of the 
space between the two rails ; itis insulated in a sheath 
of wood ; it communicates with the earth by one of its 
extremities, and with the manipulator of the station by 
its other end, 

The manipulator allows a succession of long and 
short currents to pass along this wire, which currents 
act upon the movable induced circuit carried by the 
train. 

This movable induced circuit is constituted by an 
elongated vertical bobbin with 90 folds, occupying 
the whole length of the telegraphic van and being 
about 2,400 metres in length, of which 1,000 metres are 
brought very near the conductor placed between the 
rails, and another 1,000 metres are as far removed from 
it as possible. 

The free ends terminate in a telegraphic station in- 
stalled in the van. Two cases are possible, according 
as the van receives or transmits messages. 

For reception, the induced bobbin is connected to a 
very sensitive relay which closes the circuit of a local 
battery upon a sounder. For transmission, the battery 
is closed upon the induced bobbin by the intermediation 
of a buzzer, which sends a series of interrupted cur- 


— 


rents into the bobbin. These currents induce in the 
line a series of currents which affect a telephone at the 
receiving station, and enable Morse sound signals to be 
read. Mr. Phelps, considering that the telephone could 
not be employed as a recipient on the train on account 
of the noise, makes use of a relay and a sounder which 
produces clicks perceptible at 3 metres from the appa- 
ratus, even when the train is going at full speed. 

The construction of the relay was very delicate, for 
it had to obey very feeble induced currents, and yet 
remain insensible to the shocks, vibrations, and other 
movements of the train, which are often very violent. 
This result was obtained by giving the armature a very 
slight mass, a very small momentum of inertia, and 


causing this armature to move in a very intense mag. 


netic field, constituted by two powerful permanent 
magnets. 

Hitherto, only permanent communications have teen 
effected between a moving train and a station ; we con- 
ceive that it will be possible to establish a communica- 


tion between two moving trains; but, from a practical 


point of view, the question presents less interest, since 
the utility of com1aunication exists especially between 
the train and the station from which it has been 
despatched, on which it is dependent until it enters 
another section. 

Mr. Phelps had even foreseen the case of a station 
completely isolated placed in communication with the 
line by induction, by arranging a fixed induced coil 
of a suitable length parallel to the principal con- 
ductor. Such are the principles applied in the Phelps 
system. 

Electrostatic Induction Systems.—Some years ago, 
about 1881, Mr. W. W. Smith thought that it would be 
possible to establish a permanent communication with 
moving trains by means of electrostatic actions, and he 
even took out a patent in this direction without carry- 
ing the matter further, until Messrs. Gilliland and 
Edison seized upon it, developed it, and rendered its 
application possible. 

The principle consists in forming a vast condenser, 
of which one of the plates (fixed) is constituted by 
the telegraphic wires running along the line ; the other 
plate (movable) is formed by the metal roofs of 
the carriages, suitably insulated and connected with 
each other electrically, the dielectric being nothing 
other than the stratum of air comprised between the 
wires of the telegraph and the covers of the carriages. 
Whenever the potential of the telegraphic wires or that 
of the carriage covers is raised, this condenser with a 
movable plate is charged, and the charge of this con- 
denser will produce a momentary current of charge 
which may be used to set a suitable receiver in action. 
In order to have sensible charges, capable of actuating 


receivers (since the capacity of the condenser is low), 


high potentials of charge must be employed, which 
may be effected by means of transformers. 

The telegrams arrive at the stations in the form of 
Morse signals, received in two telephones, which the 
official posted in the train keeps to his ears in a perma- 
nent manner (fig. 1) by means of a head-band, which 
leaves his hands at liberty. 

The combinations being very numerous, we shall 
content ourselves with indicating one of those which is 
most readily explained. Fig. 2 shows the arrangements 
of cne of these stations, and fig. 3 that of the moving 
post in the train. 

We see in fig. 3 that the post comprises four distinct 
circuits : 1, the circuit of a buzzer, worked by a special 
battery, P, and making about 500 electric contacts per 
second. This buzzer works continuously during the 
whole time of the transmission. 2. The circuit of a 
battery, P’, communicating with the thick wire inductor 
circuit of a transformer or induction bobbin, B, a 
bobbin into which are sent currents interrupted each 


time that the manipulator, M, is pressed. 3. The. 


induced circuit of the bobbin, B, which in the position 
of transmission communicates by one extremity with 
the earth through the medium of the wheels of the 
carriage and of the rails, and by the other extremity 
with the insulated roof of the carriages by the medium 
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of the commutator, Ss. In the position of reception the 
induced circuit is open at S. 4. The circuit of the 
telephone, T, is connected to the earth by one end, whilst 
the other communicates with the roof of the carriages 
in the position of reception. 

By pressing upon the key we induce, by the medium 
of the bobbin, B, a rapid series of currents of high ten- 
sion, which communicate themselves to the line, or to 
the net of. parallel lines, in the form of successive 

charges and discharges. 


= 
| 


— 


is driven into the line itself, whilst the other circuit is 
closed locally, either on the telephone in the position 
of reception or on the manipulator, and the buzzer in 
the position of transmission, This is the arrangement 
shown in fig. 4; the action is easily understood after 
what has been said concerning the other combinations. 

As a matter of course, in all these applications the 
ordinary telegraphic wires are utilised without inter- 
fering with their own service. It is useful to apply 
to them the anti-inductive or graduative arrangements 
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Fire. 1. 


Telephonie communications with trains in motion, Edison’s system. 


Oficial provided with a telephonic apparatus receiving a dispatch 


in a moving carriage. 
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Fia. 2. | 
Post at the station with condensers. 


_Fig. 2 shows how these charges of the system of 
lines can, in turn, charge the condensers, c, C, c, and 
finally influence the recipient telephone, causing it to 
return a true series of long or short sounds, according 
to the time during which the key of the manipulator, 
M, is pressed. The two posts are, moreover, absolutely 
symmetrical and independent, permitting at will re- 
ception or transmission at any post whatever. 

€ may also in the fixed station substitute for the 
condensers induction coils, one of the circuits of which 


— 


Fia. 3. 
Post in the moving train. 


Fia, 4. 
Post at the station with transformers. 


of M. van Rysselberghe, so that the ordinary tele- 
graphic transmissions may not be perceived by the 
telephone. 

Mr. Phelps, whose magneto-inductive system we 
have just described, has also patented new arrange- 
ments founded upon electrostatic actions. In one of 
these the buzzer or vibrator is suppressed as well as the 
induction coil, and the sounds are reduced to charac- 
teristic clicks at closing and breaking the circuit. 
Lastly, by substituting a microphone for the Morse 
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key, Mr. Phelps proposes to telephone to and from 
moving trains; but this is merely a project which has 
not yet received the sanction of experience. 

The problem of a permanent telegraphic communi- 
cation with moving trains may at present, therefore, 
be considered as solved. But does this mean that it is 
likely to receive an extended practical application ? 
So far, we do not think so. It must not, in fact, be 
forgotten that the system immobilises one or more 
lines for a single communication, and that to effect 
several at once on the same conductors in different 
sections, it would be necessary to insulate these sections 
telephonically, to separate the messages on arrival, and, 
in a word, realise simultaneous musical telephonic 
transmissions. 

If we may believe the American journals, these 
phenomena of charges and discharges have led Edison 
to areal discovery relative to the manner of the propa- 
gation of electric charges through the air. 

According to him, the air is a conductor for an 
extremely brief fraction of time ; but after this very 
short instant it is polarised by the passage of the cur- 
rent ; its resistance is increased and it ceases to 
conduct. 

We admit that we do not understand this theory, the 
bearings of which escape us, but the experiments them- 
selves are of great interest. We shall follow their 
development and record their progress with the care 
which they deserve. 


AN ABSOLUTE ELECTROMETER GIVING 
CONTINUOUS INDICATIONS. 


By MM. E. BICHAT and R. BLONDLOT. 


WE have constructed an electrometer founded upon 
the attraction of two concentric cylinders, and which 
enables us to measure potentials in absolute values, 
This electrometer has the double advantage of being 
easily constructed and of giving continuous indica- 
tions. 

An insulated cylinder, A, A, is connected to the 
source of the current whose potential is to be measured. 
A cylinder, B, the axis of which coincides with that of 
the former, is suspended by the rod, T, to the scale, P, 


of a balance, and communicates with the ground by 
means of the beam of this balance. The cylinder, B, B, 
plunges in part into a cylindrical vessel, c, rather 
larger in diameter and communicating likewise with 
the ground. 

A screen, E, E, E, connected with the ground, allows 
the rod, T, to pass through an aperture; it serves to 


protect the balance against the attractions of the 
cylinder, A, A. 


The cylinder, A, exerts upon the cylinder, B, a force 
directed from below upwards, which may be valued by 
following a procedure analogous to that employed by 
Maxwell for establishing the theory of Sir W. Thom. 
son’s quadrant electrometer. The totality of the 
cylinders, B and A, forms a condenser; the length of 
these cylinders being sufficiently great in proportion 
to their diameters at the mean part of the cylinder, B, 
and at the corresponding part of A, the distribution is 
the same as if they were infinitely long, that is, in this 
region the equipotential surfaces are concentric cylin. 
ders and the lines of force are the radii; above and 
below the distribution is different. If we suppose that 
the cylinder, B, projects out of C, by a quantity which 
is not too great, we may consider the change in distri. 
bution as having consisted in a simple prolongation of 
the portion in which the distribution is the same as if 
the cylinders were indefinite, the portion situate above, 
where the distribution is irregular, being simply dis- 
placed. 

Let R and 7 be the respective radii of the cylinders 
A and B; V the potential of A, that of B being zero; 
let, further, F be the force which attracts the cylin- 
der, B, from below upwards. Let us suppose that the 
cylinder, B, is raised by a quantity, dez, the work of 
the electric forces is then F d z. According to the 
theorem relative to the displacement of bodies of a 
constant potential this work is equal to the increase of 
energy of the system. But the increase of charge is 
the product of V by the capacity of a portion of an 
indefinite cylindrical condenser of the height, dz; it 
is therefore equal to 

1742 
2 R 
L 7 


In consequence the increase of energy is 


v? d z 
Far =- 
4 L R 
r 
R 
Whence 47 Le. 


If we measure R and 7 in centimetres and F in 
dynes we shall have ve in absolute units of the C. G. 8. 
system. 

To measure F we put marked weights upon the 
scale, P, of the balance, until the equilibrium is re- 
established. 

The value of these weights expressed in grammes, 
multiplied by the number g gives the force expressed 
in dynes. 

In order to annul the oscillations of the beam we 
suspend in the place of the second scale of the balance 
a large pasteboard disc which rises and falls in a glass 
cylinder, D, D, of a rather larger diameter. The friction 
of the air renders the apparatus almost aperiodic. 

The force, F, being, within wide limits, inde- 
pendent of the position of the cylinder, B, it results 
that we may also mâke use of this instrument without 
employing weights, by merely observing the incli- 
nation of the beam. A mirror, M, fixed above the 
knife edge enables us to measure this inclination by 
the process of reflection. When the equilibrium is 
established, F is equal to a constant multiplied by the 
tangent of the angle of inclination. This constant is 
determined, once for all, by putting in the scale, P, a 
known weight, the electrometer being discharged, and 
observing the corresponding deviation. 

For small deviations the force, F, is proportional to 
the number of divisions which have passed before the 
cross wires of the telescope. A counterpoise, d, 
movable along a needle fixed perpendicular to the 
beam enables the sensitiveness of the balance to be 
modified at will. 
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A calculation based upon the formula given by M. 
Blavier for the capacity of a condenser formed of two 
cylinders whose axes do not coincide, but are parallel, 
shows that a lateral displacement of the cylinder, B, 
even of two or three millimetres, has only an exceed- 
ingly small influence upon the value of the force, F. 
This is because F is at a minimum when the two 
cylinders are concentric. In our apparatus, where 
R = 5875 centimetres and 7 = 2°5 centimetres, F varies 
only by 0°003 of its value for a deviation of the axes 
of three millimetres. 

In the calculation made above for determining F, 
the rod T, supporting the cylinder B, has not been 
taken into account. The complete expression for F is 
obtained by deducting from the action upon B that 
which is exerted upon the rod. If we call p the radius 
of the latter, the factor by which we must multiply, the 
force to obtain the square of the potential is 


1 ( L 5 

r p 
As a verification of the exactness of the indications of 
our apparatus we have determined the potentials corre- 
sponding to a certain number of explosive distances 
between two spheres; the numbers obtained agree 


perfectly with those determined with great precision 
by M. Baille.— Comptes Rendus. 


ON A CONVENIENT METHOD OF FINDING 
THE CURRENT IN ANY EXTERNAL CIR- 
CUIT DUE TO TWO OR MORE SOURCES 
OF E.M.F. IN ARC. 


By E. C. RIMINGTON. 


POLLARD’S theorem of a shunted battery is well known; 
it may be enunciated thus :— 

When a battery of E.M.F., E, and internal resist- 
ance, p, is shunted with a shunt, 8, it is equivalent to a 


ES 
new battery of E. M. F. ET and internal resistance 
14. 
6 ＋ 8 


This theorem holds good whatever be the value of 
the external resistance, and also if it contain a source 
of E. M. F. Let us consider this latter case. 

Let R be the external resistance and e the E. M. F. 
acting in it; let the latter be reckoned a positive 
quantity if it sends, or tends to send, a current in the 
external circuit in the same direction as the battery, 
E, and a negative quantity if in the opposite direction. 


Fig. 1. 


Let us suppose the shunted battery to be replaced by 
anew battery of E. M. F., E,, and internal resistance, p,, 
Which gives the same current in the external circuit as 
the shunted battery. 


Then if c be the current in the external circuit in 
the two cases, 


R 


C 
in fig. 2. 


By applying Kirchoff's laws to fig. 1 and solving for 
C, we obtain 


pS+pR+RS 
E, 
DL 
R 
Fig. 2 


Dividing numerator and denominator of this by p + 8 
we have 


p+st?_ 
＋ R 
Now the only variables are e and R. 
ES ps 
Therefore E, = 771 and p, = +5 


The principle of Pollard’s theorem may be applied 
to the case of two dissimilar cells or batteries in arg in 
the following manner :— 

Let E, and E, be the E.M.Fs. of the two batteries, 
and let them be quantities of the same sign if they 
send, or tend to send, currents through the external 
circuit in the same direction, and of opposite signs if 
in opposite directions. Let p, and p, be the internal 
resistances of the batteries and let R be the external 
resistance, which may have any value. Let C be the 


2. Fia. 4. 


current in the external circuit. Then, by means of 
Kirchoff's laws, we obtain from fig. 3 

Pi Po ＋ Rbf + py po + R (01 + pz) 


Dividing numerator and denominator by pi + bp we 
have 


— — 


EI pp + Ep: 


Let e be the E. M. F. and 7 the internal resistance of 
another battery which sends the same current, C, 
— the same external resistance. Then from 
fig. 
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Therefore E po + Ez pi 
Pi Pa 
Pi + 02 
Now since R is the only variable 
Ei ps + Ez py Pi P2 
Pi + 52 Py + Pa 


This result may be enunciated in the following 
manner :— 

If there are two batteries in arc they are equivalent, 
as regards the external resistance, to a new battery 
whose E. M. F. equals the E.M.F. of one of them mul- 
tiplied by the internal resistance of the other plus the 
E. M. F. of the latter multiplied by the internal resist- 
ance of the former, the sum being divided by the sum 
of their internal resistances ; and whose internal resist- 
ance is the joint resistance of the two batteries. 

This theorem will, like Pollard’s, hold when there 
is an E.M.F. acting in the external circuit. 

As an example of the application of this theorem we 
may take the case of Lumsden’s method of comparing 
two E.M.Fs. 


E, and E, are the two E.M.Fs. to be compared; R, 


and R, the total resistances of the branches in which 


they act; these we can regard as being the internal 
resistances of the batteries. G is a galvanometer. The 
test is made by adjusting the resistances, Ri and R, 


E, 
— 


(D 
DA 


E 2 
Fia. 5. 
until there is no current passing through G. Regard 


G as the external circuit. Then current through G 
(fig. 5) 


R, Ro 
G is infinite or E, R. + Ez RI = 0. 


L 

That is to say the E. M. Fs. must be of opposite signs 
as regards 6, and be to one another as the resistances 
of the branches in which they act. As another ex- 
ample, suppose we have a three-branch circuit, the 
resistance of each of the branches being R,, R, and R,, 
and containing E. M. Fs. of values Ei, E,, and E, respec- 
tively, the currents in each of the branches being C,, 
Ca, and C respectively. 

We require to find the current in any one of the 
branches, ¢.g. Ci; treat the branch, R, in which we 
wish to find the current as the external circuit. Let 
the E.M.Fs. be reckoned positive quantities if they 
tend to send a current through R, in one direction (say 
from left to right) and as negative quantities if in the 
reverse direction. 

Then 


c= + R,) + BR, + BR; 


R, Ro + RI + Ro R. 


nn 


In the same way by treating R. + R, as the external 
resistances we can find C, and C;. | 

If one of the batteries is of very low internal resist. 
ance compared to the other, the joint E. M. F. will be 
very nearly equal to that of the battery having the low 
internal resistance : since 


Ei, if pi equals zero, 
and if pi be very small compared to p, it can easily be 
seen that it will be very near this value. Also the 
terminal E.M.F. of the equivalent battery, or 


R II ＋ Ez oh) N 
Pi + 62 Pipe sk P1 Pr + R(p; + py) 
Pi + 2 


If p, is negligible compared to pz and also to R this 
becomes equal to E, practically. 

An example of this is when secondary batteries are 
employed as regulators for incandescent lighting ; the 
batteries, the dynamo (a shunt one), and the lamps being 
all put in are. Here Ei and pi represent the E.M.F. and 
internal resistance of the secondary batteries, and if 
their internal resistance be small compared to p, the 
resistance of the dynamo armature and R the external 
resistance which is the joint resistance of the lamp cir- 
cuit and the shunt coils of the dynamo field-magnets, 
the terminal E.M.F. will remain practically constant 
even though considerable fluctuations take place in the 
value of the E.M.F. of the dynamo or E, owing to un- 
steady driving. 

Let us suppose the initial E.M.F. of the dynamo or 
E, == 101 volts at the correct speed, its armature resist- 


ance is ‘Ol’ ; the internal resistance of the secondary 
battery is “001” and its E.M.F. 100 volts; the ex- 


ternal resistance is 1“ and the required terminal E. M. F. 
is 100 volts, then when the dynamo is being driven at 
the proper speed no current is passing through the 
secondary batteries. | 


Now suppose the speed of the dynamo changes so 
that its E.M.F. becomes 105 volts, then we have 


EI = 100, E. = 105, p, = 001, 2 = 01, R = 1 
100 x “OL + 105 x 001 1100 
E. = x 001 + 1 x (01 + 001) ~ “00001 + O11 


So that an increase of 5 volts in the E.M.F. of the 


dynamo only produces an increase of 36 volt in the 
terminal E. M. F. 


Again, suppose the speed falls so that E becomes 
95 volts, then: 


100 x “O1 + 95 x ‘001 1095 | 
E. = 01101 


So that in this case a fall of 6 volts in E, only produces 
a fall of 55 volt in E. 

If we wish to find what values we must make the 
internal resistance and E.M.F. of the secondary battery 
so that a given alteration in E, may produce a given 
alteration in E, we can proceed thus. We have 


(EI pp + Ep) R 
= 

+ R) ＋ R 
transposing 
E. |p: (2 +R) + RI — 

R 92 

Let E become E + e* and let the terminal E. M. F. 
become E, + e, where , is the greatest alteration we 
wish to have in the terminal E. M. F. from its normal 
value E, ¢ being the greatest alteration in E.. 

Then 


(E, + (pe + R) + R — (E: + €) R pi 
1 | 


EI = 
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(E. + {pr +R) + pp RI — (E R 1 = 
E, {p; (% + R) + b RI — E Rp, 


71 (% + R) — eR} = — e. Rp; 


A R E 
eR e. +R) 


Having found the value of p, we can substitute it in 
the equation 


E. |p; (po ＋ R) + b RI — Ez R 51 
R pz 


E, = 


and from this determine E, | 
To take a numerical example, suppose the normal 
E.M.F. of the dynamo is 101 volts, its armature 


resistance O01“. External resistance is 1“ and terminal 
E. M. F. required is 100 volts, the greatest variation in 
which is to be 1 volt; the greatest variation in the 
E.M.F. of the dynamo being 5 volts. 


Here e= 5, Ce = 1 


x(01+1) ~ 5-101 399 


w 
5 


And 


1. 100 (0025 x 1:01 + 01) — 101 x 1 x "0025 
Per 1 x “01 


33353 — 2930 


If there are more than two batteries in arc they can 
be taken in pairs, finding the E.M.F. and internal 
resistance of the equivalent battery for each pair; 
again taking the equivalent batteries in pairs, and so 
on until at last they are reduced to one battery which 
will be the equivalent of them all. 

For instance, suppose batteries A, B, C, D and E, are 
in arc. Find the equivalent battery to the two, A and 
B, let it be F. In the same manner let the equivalent 
battery to C and D be G. | 

Now find the equivalent to F and E and let it be H. 

Find the equivalent of d and H and let it be k. Then 


K is the battery equivalent to the batteries A, B, c, D 
and E in arc. 


Ho nan > 


It will be seen that e and e, may be either positive or negative 
quantities but must always have the same sign. 


ELECTRIC REPEATERS FOR RAILWAY 
SIGNALS. 


REPEATING railway signals mechanically is almost as 
old as the“ signals themselves; but as difficulty was 
experienced owing to the distance, electric repeaters 
were introduced, but were used for those signals only 
that were out of sight of the signalman, so that for a 
long period few of these repeaters were brought into 
use. The late Mr. C. F. Varley once said that it should 
be looked upon as a golden rule never to do anything 
electrically unless distance prevented its being done 
mechanically. This rule has been largely broken 
through, as repeaters are in many cases used where the 
signal is only a few yards distant from the signal- 
man, and in some large railway companies, electric 
signal repeaters are numbered by the thousand. It is 
not to be wondered at that there should be a variety of 
ways.of repeating signals. Mr. Warwick, the late tele- 
graph superintendent to the Midland Railway, was one 
of the first in the field; his scheme indicated signal 
“on” by current and “off” by gravity; other in- 
ventors did the reverse of this; which latter course 
was not on the side of safety, for, in the event of a 
wire breaking, the repeater would show “ on,” although 
the outdoor signal might be “ off;” With the former 
method, however, any electrical failure would show 
signal “ off,” although it might be “on,” and the worst 
that could happen would be the unnecessary stopping 
of a train. It is needless to say that great improve- 
ments have been patented for repeating signals, but 
most of them have been by, either additional wires or 
additional batteries, or both; and so show signal“ on 
and signal “ off ” by current. 

Repeating the “arm” is not the only thing that some 
of the first inventors did, but they also arranged to in- 
dicate whether the signal light was in or “ out.” 

Most of these schemes that have been from time to 
time introduced have necessitated :— 


Separate wire for “on” | or one wire and separate bat- 
“ off” { teries for “on” and for “ off.” 
* “in,” “out” being indicated by gravity. 

The most complete scheme that has come under our 
notice is the subject of our illustrations, and is the in- 
vention of Mr. J. W. Fletcher, chief telegraph super- 
intendent and engineer of the London and North- 
Western Railway. 

By the use of one wire and one battery, he shows 
signal “on,” “signal off,“ signal wrong,” and, by the 
same wire, and bringing into play automatically two 
additional cells, shows, light “in,” light “ out.” 

Some inventors urge that there is an udvantage in 
using a separate battery for “ on,” and another for “off,” 
inasmuch that, while one battery is at work, the other 
is at rest, and so recruiting itself ; the inventor of the 
one battery scheme meets this by saying, that it is not 
a matter of opinion, but a matter of fact, that decidedly 
one battery is best, and for the simple reason that, 
where one battery is used, a fault cannot be remedied 
except by a new or refreshed battery ; where two bat- 
teries are used the “on” or the “ off” battery only may 
fail, and the signalman begins to regulate his signal 
wire, not knowing that it is a battery failure; but 
when one battery is used, and his repeater shows 
“wrong,” no regulation of the signal wire will move 
the indicator from the “wrong” position, and the 
signalman knows that it is an electrical and not a 
mechanical defect. 

Figs. 1, 2, 3, 4 represent the repeater in the signal- 
box, the contact-box or pole changer, the expansion 
tube, and the battery at the signal-post, respectively. 
In fig. 1, E is the repeater arm indicating the position 
of the signal arm, F a disc working in connection with 
the arm E, showing when the signal is wrong, D a disc 
showing when the light is “in” or “out.” In fig. 2, 
the outer springs form the earth connection marked H, 
the two inner are the battery springs, and the stud at 


the top will be seen to be the line connection, the lever 


Z places either the positive pole to “earth,” and the 
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negative to “line,” or vice versd. The position shown 
is that in which the springs are all disconnected, and 
the arm E shows signal “wrong.” In fig. 3, the piece 
A is moved by the expansion in tube T and has small 
insulating pieces at each end, on which either the 
spring 8? or 8! rest, the current passes by means of the 
springs s! or 85, through the piece A, to the spring S° 
and st, and thence to the contact box, in the normal 
position of A; that is to say, light “out,” the current 


Fia. 1. 


um 


THE EFFECT OF AN ELECTRIC CURRENT 
ON THE OSCILLATIONS OF SUSPENDED 
BODIES.* 


By N. KOLKIN. 


SEVERAL years ago I noticed some peculiarities in the 
oscillations of suspended bodies. If an oscillation was 
produced in any direction, from any cause, I frequently 


Fia. 2. 


FLETCHERS PATENT 


LE 


c' 


Fra. 5. 


passes by means of s' through A and s and s* to the 
contact box ; thus it will be seen that only half the 
battery is used to repeat the position of the arm, 82 
resting on the insulating piece; when the light is “in,” 
A is moved by the expansion of T, and the spring s! 
passes on to the insulating piece immediately after 82 
comes on the metal part of A, thus placing the whole 
battery in circuit and indicating light “ in.” | 

Fig. 5 represents the “ repeater,” in which the coils, A, 
actuate the arm, E, and disc, F, and coil, B, the armature, 
C, and its attachment, C!, which in turn raise the disc, D. 
It will be seen that the coils B are joined, one on each 
side of the coils, A, A. 


Fic. 3. 


B 
Fia. 4. 


found that there was a gradual change in direction, 
until one was reached which was kept with great 
tenacity. Sometimes there would be changes from 
oscillation to circulation, and vice versa, several times. 

These peculiarities have been accounted for in an 
off-hand way ; the causes assigned have been peculiarity 
of the original impetus given, obstacles on one side of 
the support, and currents and vortices of air. We may 
remove these causes, and still we find the same peculi- 
arities. 

For experiment, a hole may be bored in the lower 
side of any horizontal strip of wood that is raised a 
distance above the ground. A wooden plug, to be in- 
serted in the hole, may be split in two, and the cord or 
fibre, which carries the suspended body, may ba held 
tightly between the two halves of the plug. 

If this pendulum is suspended between two vertical 
metal plates, respectively of zinc and copper, which are 
moistened with sulphuric acid, it will always oscillate 
in the direction of the electric current that passes, 
through the air, from the zinc to the copper. If the 
oscillation is at angle with the current, the direction 
slowly changes. The pendulum should be entirely 
within the current to be observed. 

Electric currents in the atmosphere are indicated in 


* Presented to the National Academy of Sciences, Minneapolis, 
America. | 
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the same way. These generally have the same direc- 
tion as the wind, commencing and ceasing an hour or 
go before it. It depends on the length of.the pendulum, 
whether general or local currents are indicated. The 
Foucault pendulum indicates electric currents and will 
not always turn the same way. The pendulum is 
carried farther in that direction in which the current 
moves. 

In no case do we find that an electric current will 
originate oscillations of a suspended body, but simply 
change them. It will also magnify the effect of an 
impetus given to them, when the two forces act in the 
same direction ; for a suspended body will oscillate 
more easily in the direction of an electric current than 
in any other. 

By means of minute pendulums it is possible to 
detect the smallest current, and they are the only 
means by which many mysteries in nature can be in- 
vestigated. They have been used by the author for 
several years, both to test the accuracy of their indica- 
tions and in physical research. The method, however, 
is very tedious. 


When a pendulum is oscillated in damp, foggy, or 


very cold weather, the oscillations will never change 
from the original direction. In such states of the 
atmosphere the pendulum will also come to rest sooner. 
The air may also be given the same condition by the 
friction of bodies, but the friction of bodies of opposite 
character, as wood and metal, neutralises their effect. 
For such reasons crowds of persons, or only one per- 
son, may easily spoil experiments of this kind. It is 
only in fair weather that these experiments can be 
carried on undisturbed. 

If electricity is an ethereal fluid, that which gives 
the air the peculiarity spoken of, seems to be an ethe- 
real substance of another consistency ; for the power 
to hold the pendulum may be imparted to the air, over 
a well-defined region, by the friction of substances, and 
an electric current will pass through it, as it can be 
detected where it enters and where it emerges from it. 


THE STRANGE HISTORY OF A DYNAMO, 
As told by itself to 
A. DYNAMICABLE. 


[All rights reserved.] 


(Continued from page 349.) 


ONE Pixii is held responsible for my first appearance 
in the world in such a form as to yield in my turn that 
which led to my being, viz., an electric current. Tiny, 
weak, and undeveloped as I then seemed, I was the 
object of great wonderment, and much curiosity was 
evinced as to what the future had in store for me. 
Although I have to carry my memory back to the year 
1832, you may rest assured that the portrait which I 
present to you gives a faithful representation of my 
poor little self as I then appeared. I cannot now 
repress a smile at the ridiculous figure I cut, although I 
was mightily proud and self-satisfied in those days. 
Time, however, changes all things and nothing more, to 
my way of thinking, than dynamos. But I must get on 
with my narrative. You, of course, have not forgotten 
Arago’s discovery, from which we found that a gal- 
vanic current passing through a coil of wire surrounding 
a rod of iron transforms the latter into a powerful mag- 
net, or more precisely speaking, into an electro-magnet,— 
or that a magnet proper, or so-called permanent magnet, 
is à rod or bar of steel of any form which has been mag- 
netised and which then vetwins (soft iron does not) its 
magnetism. Towards the end of the year 1825 one of 
your countrymen, Sturgeon by name, made a con- 
siderable advance on Arago’s experiment by making an 
electro-magnet in a horseshoe form. The improvement 
does not, on the face of it, look as if much thought had 
been expended thereon, for it is simply, as you observe, 
the straight rod of Arago bent into a horseshoe form so 
as to bring its ends into proximity one with the other. 


The importance of this arrangement can, however, be 
scarcely over-rated, for by making use of both ends of 
the electro-magnet a weight many times heavier may be 
carried than is possible when one end only is em- 
ployed. In this sketch, M is the bent iron rod upon 


STURGEON’S ELECTRO-MAGNET. 


which is wound, in the same direction throughout, 
the insulated wire, C, through which a strong gal- 
vanic current is flowing, say, in the direction of 
the arrows. Under these conditions the iron rod 
becomes powerfully magnetic, and, if we bring near 
to its ends the piece of soft iron, A (generally called 
an armature or keeper), this will be attracted’ with 
great tenacity, and heavy weights, W, may be sus- 
pended therefrom. This, bear in mind, is the most 
simple form of horseshoe electro-magnet, and not 
exactly of the kind which formed part of me, as 
you will now perceive. As the production of Pixii, 
my upper part, or head if I may so term it, was 
formed of an electro-magnet, M, M, attached to the top 
of a framework and underneath were my lower extre- 
mities, or legs of a permanent magnet, P, P, arranged to 
rotate with great rapidity by means of a toothed wheel 
and pinion. Like some neglected infants I was brought 
up, or, more strictly speaking, turned, by hand, and my 
energy was displayed not as in the case of the un- 
attended babes to whom I have just alluded, by the 
strength of my lungs, but in the production of certain 
physiological effects which I took good care should make 
themselves felt by those who handled me carelessly or 
whose touch was directed to an unprotected part. 


My Prxu Form. 
In other words, electric currents were obtained from 


me of sufficient intensity to produce small sparks and 
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to give severe shocks to those who came in contact with 
certain portions of my anatomy, to wit, the wires, a and 
b, which you notice hanging from me. 

I admit freely it was a shocking beginning, but for 
that Pixii must be held responsible. 

I may add en passant, that the intensity of these 
currents and therefore the effect I produced upon the 
unwary, depended upon the strength of the magnets 
and the closeness of their extremities to the ends of the 
electro-magnets. Retracing my steps for a moment : 
you have not forgotten what I impressed upon you but 
a short time since respecting the currents produced in 
a coil when a magnet is inserted and withdrawn very 
rapidly. Good! your memory serves you well; the 
currents were in opposite directions. 

Now my Pixii form produced these very same 
currents which, for such purposes as medical appli- 
cations, answered very well; but to make me of uni- 
versal service it became necessary that something 
should be done to enable me to convert these opposite 
or alternating electrical impulses into continuous cur- 
rents, or those which are said to flow in the same 
direction as from that more ancient source of electrical 
energy, the galvanic battery. For such purposes as 
electro-plating, electro-typing, chemical decomposition, 
the electrical transmission of power, &c., it became 
absolutely necessary that I should be able to do all 
that of which a galvanic cell is capable. 

This want was met by the invention of an ingenious 
device technically called a commutator, or, as we may 
in plain language term it, a current changer. It was 
then possible to turn the alternating currents which, by 
virtue of my form, I produced, into those which passed 
continually in the same direction. 

Thanks to Hyppolyte Pixii, therefore, I became the 
very first exponent of the great Faraday’s investi- 


gations, and I have naturally cherished a far greater 


affection for him who first saw what could be made of 
the germ which he nurtured to such purpose than for 
the many who changed me little by little into what 
you behold me now. 

I was not, as you may imagine, long left in this 
primitive form, for a Mr. Saxton came upon the scene, 
and, taking advantage of my youth and inexpe- 
rience, so beguiled me that in the end he completely 
turned my head. After such an admission as this, you 
will readily understand that I made but a feeble 
resistance to the liberties which he further took with 
me and which I hereby disclose to you. 

When I state that this gentleman completely turned 
my head it is only another way of telling you that he 
reversed the form in which Pixii had modelled me, 
and made my head—that was—turn in the place of my 
lower extremities. This, I candidly confess to you, 
was an advantage, although I did not look upon it as 
such at the time ; for being light headed I did not in 
this, the second stage of my being, necessitate the ex- 
penditure of so much muscular energy to produce the 
same results as previously. The extent to which I was 
mutilated by Saxton can thus be easily detected in this 
new portrait of my early youth. 

You may infer therefrom that my original head was 
placed, not exactly between my legs it is true, but 
beneath my feet. You think the non-technical reader 
will be in some perplexity respecting the manner in 
which the currents produced within me could, by the 
commutator, be taken from me as it were? Well, I will 
briefly enter into the details of that part of me which 
shall make this clear. 

Before doing this I will first of all show you my third 
adaptation, which took place at the hands of a Mr. 
Clarke, but two years after my birth. 

It occurred to this gentleman that I might be made 
to give varying effects if he constructed the electro- 
magnet portion of my frame in duplicate; one set 
coiled with thick and the other with thin wire. He 
correctly estimated my capacity and was thus enabled 
to make my performances of a still more astounding 
character to the scientists of the day. He also altered 
the positions of my component parts, as you doubtless 
notice in this sketch. 


The commutator which you request me to explain is 
shown by the letter c, as in my Pixii form. 


CLARKE’s ADAPTATION. 


Too small you think ? Well you shall have a com- 
mutator enlarged, and in order that you may all the 
more thoroughly understand my modus operandi I will, 
at the risk of being thought too technical when I have 
all along professed to be speaking in plain terms, show 
you precisely how the revolutions of the electro-magnets 
in front of the permanent magnet gave rise to those 
alternating currents which it became so desirable to 


commutate. 
(To be continued.) 


DYNAMO-ELECTRIC MACHINES.* 


By JOHN HOPKINSON, D. Sc., F.R.S., and EDWARD 
HOPKINSON, D.Sc. 


OmiTtT1ne@ the inductive effects of the current in the armature 
itself, all the properties of a dynamo machine are most con- 
veniently deduced from a statement of the relation between the 
magnetic field and the magnetising force required to produce that 
field. This relation given it is easy to deduce what the result will 
be in all employments of the machine, also the result of varying 
the winding of the machine in armature or magnets. The mag- 
netic field may be expressed algebraically as a function of the 
magnetising force, or more conveniently by a curve (“ ae bah. 
of the Institution of Mechanical Engineers,” April, 1879, J 246). 
Amongst the empirical formulæ which have been proposed to ex- 
press the electromotive force of dynamo machines in terms of the 
currents around the magnets, we may mention that known as 


Fröhlich's, where E = Ib er , E being the electromotive force of 


the machine at a given speed, c the exciting current, and a and b 
constants. For some machines this hyperbola is said to express 
observed results fairly accurately. In our experience it does not 
sufficiently approximate to a straight line in the part of the curve 
near the origin, and gives too high results for large values of o. 
One purpose of the present investigation is to give an approxi- 
mately complete construction of the characteristic curve of a 
dynamo of given form from the ordinary laws of electro-magnetism 
and the known properties of iron. Let n be the number of convo- 
lutions on the magnets, c the current round the magnets, Ii the 
mean length of the lines of force in the iron of the armature, 
A, the area of section of iron in the armature, Iz the distance from 
iron of armature to iron of pole pieces, A, the area of the magnetic 
field in which the wires move corrected for its extension round 
the edge of the pole pieces, Iz the total length of the magnet cores, 
A, the area of the magnet cores, I, the mean length of lines of 
force in the yoke connecting the magnet limbs in machines of the 
type on which we have principally experimented, a, the area of sec- 
tion of the yoke, l; the mean length of the lines of force in each pole 
piece, A; the mean area of section of pole piece, 1 the total induc- 
tion through the armature, when no current passes in the arma- 


* Abstract of paper received by the Royal Society, April 6th, 
1886. 
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ture, and » 1 the total induction in the magnet cores; and finally 
let the relation between the magnetic force (a) and induction (a) 
(vide Thomson, “ Electrostatics and Magnetism, p. 397, and Max- 
well, Treatise on Electricity and Magnetism,” vol. ii., p. 24) be 
represented by the equation a = f (a), then the characteristic 
curve is— 


If the relation between a and a be given in the form of a curve, 
this formula indicates at once a perfectly simple graphical con- 
struction for the characteristic. Taking the curve of magnetisa- 
tion determined by one of us for wrought iron, and constructing 
a characteristic in this way, we have obtained a theoretical curve 
which agrees over a long range with the actual results of observa- 
tion on a dynamo machine more closely than any empirical 
formula with which we are acquainted. 

To determine », a wire was taken once round the middle of one 
magnet and connected to a ballistic galvanometer, a known current 
was then either suddenly passed round the magnets or short cir- 
cuited, the elongation of the galvanometer being noted. A similar 
observation was made with the same current, the galvanometer 
being connected to a single convolution of the armature in the 
plane of commutation. e ratio of the two elongations is the 
value of v. 

The distribution of the waste field (“ — 1) 1 was roughly ascer- 
tained in a similar manner. 

The currents in the fixed coils round the magnets are not the 
only magnetising forces applied in a dynamo machine. e cur- 
rents in the moving coils of the armature have also their effect 
pps the resultant field. In well-constructed machines the effect 

the latter is reduced to a minimum, but it can be by no means 
neglected. This introduces a second independent variable, viz., 
c, the current in the armature. The effect of the current in the 
armature depends upon the lead given to the brushes. Denote 
this by A, which we may also regard as an independent variable, 
as it is subject to arbitrary adjustment. 

If 1 =F (44 nc) be the characteristic curve when no current 
passes through the armature, then 


y — 1 A 
4 Xx i=? (4 nc — 
where m is the number of convolutions in the armature. Here 
we omit the comparatively unimportant portion of the magnetic 
force in the core of the armature and the pole pieces. From this 
formula it is not difficult to deduce a geometrical construction for 
the characteristic surface (vide “ Practical Applications of Elec- 
tricity,” Lectures delivered at the Institute of Civil Engineers, 
1882-83, p. 98). ‘The equation may be thus expressed in words, if 
À be such that the coils at commutation embrace the whole, or 
nearly the whole, induction. The effect of the current in the 


armature upon the difference of potential between the brushes of 


any machine, is the same as that of an addition to the resistance 
of the armature proportional to the lead of the brushes, and to 
the ratio of the waste field to the total field, combined with that 


À 
of taking the main current * times round magnets in a direc- 


tion opposite to the current, e. Many consequences can be de- 
duced, of which we may notice the following :—In a series-wound 
dynamo c is equal to c, and if c be increased beyond a certain 
point, 1 must attain a maximum and then diminish ; this has been 
frequently observed. We now see that it depends upon the exist- 
ence of a waste field. Secondly, let the coils of the magnets be 
entirely disconnected, and let À be the negative: if the armature 
be short circuited through a small resistance and be run at a 
sufficient speed, a large current may be produced in the armature. 
This latter deduction we have verified by direct experiment. 

The efficiency of the type of dynamo machine upon which the 
experiments before indicated have been made, has been accurately 
determined by the device of coupling two similar machines, both 
mechanically and electrically, so that one should act as a gene- 
rator of electricity, driving the other electrically, whilst the 
latter acted as a motor driving the former mechanically; the loss 
of power required to keep the whole combination in movement 
being determined by direct dynamometric measurement, and the 

wer passing electrically from the one machine to the other 

ing measured by ordinary electrical appliances. 

The whole of the experiments were carried out at the works of 
Messrs. Mather and Platt, to whom we are indebted for the ex- 
ceptional opportunities we have enjoyed of putting theoretical 
conclusions to the test of experiment on an engineering scale. 


East of Scotland Engineering Association.—The 
members of this association met recently at the 
Waverley Station, and were first shown over the 
electric installation there, under the guidance of Mr. 
Thomas Carswell, who explained the arrangement and 
methods employed. This gentleman afterwards read 
a paper entitled, Some methods used in practical 
electric lighting,” in which he described several of the 
different systems used by the various electric com- 
panies. After considerable discussion, a hearty vote of 
thanks was awarded to Mr. Carswell. 


REVIEW. 


Theoretical-Practical Manual for the Electrician. 
(Manuale  Theorico - pratico dell’ Elettricista.) 
Milan: Office of the Hlettriciia. 


This work, which is illustrated with 86 woodcuts, is 
due to several authors. The preface is from the pen 
of E. Bignami. P. Meardi contributes the section on 
lightning conductors; T. Bonadiman expounds the 
galvano-plastic art; A. Martinelli discusses the domestic 
applications of electricity, such as bells and other indi- 
cators and alarms; Dr. A. Pellini describes telephones 
and microphones; P. Meardi gives an account of. the 
electric light; and Prof. Gandini discusses accumu- 
lators. All these various applications of electric science 
are dealt with very clearly, and as fully as is com- 
patible with the size of the book. The object of the 
various authors is plainly more practical than theo- 
retical, and they evidently pre-suppose in their readers 
an acquaintance with the general principles of the 
science. Towards the conclusion of the section on 
galvano-plastie we find a curious passage bearing on 
the question of lighting, private and public. Signor 
Bonadiman writes :—“The preparation of magnesium 
at a relatively low price will have a great industrial 
importance, especially for lighting purposes. Accord- 
ing to Roscoe, 72 grms. of magnesium give as much 
light as 10 kilos. of stearine candles. At present the 
price of magnesium is still too high (450 lire per 
kilo. = about £8 IIS. per Ib.), and its light is still 
much too dear as compared with that of candles. But 
if it can be prepared at the twentieth of its present 
figure, which will be obtained in time, the magnesium 
light will become very economical and advantageous. 
Electricity will then be seen co-operating with its own 
peculiar action in dethroning itself.” To this we may 
add that the magnesium light, in point of purity and 
whiteness, is the best substitute for daylight yet 
devised, and that, according to recent reports, a very 
great step towards the necessary reduction in cost has 
just been effected. It will be acurious and unexpected 
result if electricity should be found to give more light 
when employed in the preparation of magnesium than 
in direct illumination. The illustrations of this 
manual are judiciously selected and well executed. 


NOTES. 


The Electric Lighting Bills.—In the House of Lords, 
on Thursday, the 15th inst., the Earl of Camperdown 
presented a petition from the Vestry of the Hamlet of 
Mile-end Old Town against alteration of Section 27 of 
the Electric Lighting Act, 1882. The Duke of Aber- 
corn, at the same time, presented a petition from the 
Society for the Encouragement of Arts against the 
Government Bill for the amendment of the Electric 
Lighting Act of 1882. 


The Colchester Electric Lighting.—Attempts have 
been made to form a new company, locally, to continue 
the electric lighting business entered into at Colchester 
by the now dissolving South-Eastern Brush Electric 
Light Company, and a recent meeting of the consumers 
was held to discuss the matter. Mr. E. Thompson 
Smith advocated the formation of a new company, and 
asked whether the consumers were willing that the 
lighting should be stopped for a period pending such 
alterations and additions as might, under the new sys- 
tem, be found necessary. It seems, however, that an 
undertaking had been entered into by the Electric 
Lighting Company to return 75 per cent. of the value 
of the fittings, should the lighting cease, and this 75 
per cent. the consumers are anxious to obtain, so they 
declined to enter upon any new scheme until they had 
quite done with the liquidator of the South-Eastern 
Brush Company. 
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Incandescent Lamps in Mines—An underground 
engine-room and other deep workings in one of the 
Ecton mines, Staffordshire, have been supplied with 
electric lamps during the present month, which have 
effected considerable saving as against oil lamps and 
candles. Lamps of 20 and 50 candle-power are used, 
and the wires run on insulators fastened into the 
rock. The dynamo has been manufactured by Messrs. 
Holmes and Co., and is a new type of compound self- 
regulating machine, with capacity of 30 amperes at 
60 volts. The installation has been carried out by Mr. 
J. H. Bowman, electric engineer, of Alport Bakewell, 
and is giving great satisfaction. 


Electric Lighting of the Titbury Docks.—The new 
docks of the East and West India Dock Company at 
Tilbury, which were opened last Saturday, contain, 
perhaps, the largest installation of electric lighting in 
the world. In the out-door portion of the docks 80 
arc lamps of 3,000 C.P. each are employed, many of 
them being placed on posts 50 feet high. To prevent 
shadows being thrown by the lamps, a new suspending 
arrangement has been employed, the invention of the 
contractors, Messrs. R. E. Crompton and Co., whereby 
the lamp is placed immediately over the top of the 
pole. Incandescent lamps, 1,362 in number, are used 
in the various sorting and storing sheds, the general 
offices, the canteen, and elsewhere. They are of from 
16 to 22 C. P. Portable lights are also available in the 
sorting sheds, and groups of lamps are supplied for 
placing on steamers when unloading. Five engines 
and boilers are employed, and they are capable of a 
maximum output of 500 effective H.P. There are 
16 dynamos of the Crompton type, which is now 
well known. They are driven from counter-shafting 
by belts of the quality known as the “Shortlap 
Hoyt,” supplied by Messrs. Balderston, and great 
care has been taken to so arrange the whole 
plant as to reduce any part to a minimum risk 
from accident or breakdown. The disposition of 
the lights over the docks has been made in such 
a way as to illuminate brilliantly those parts that 
are most likely to be in use at any particular time. 
The quays and railway sidings are thus well provided 
for, and large lanterns are fixed in positions most 
suitable for unloading, &c. The large hotel which has 
been erected just outside the docks has also been fitted 
throughout with incandescent lamps. The whole of 
the lights in use in the docks can be controlled by the 
engineer in charge, as the main switch-boards are 
placed in convenient positions in the engine-house. 
The arrangement of these switch-boards witk cut-outs 


and other appliances attached are of the most elaborate 
nature. 


Electric Lighting of the Exeter Lunatic Asylum.— 
The Consolidated Electric Company, which last year 
obtained the contract for lighting the new lunatic 
asylum just erected for the Exeter Corporation, having 
gone into liquidation, it has become necessary for the 
Corporation to “ make other arrangements.” The 
Asylum Committee, however, still believes that the 
“electric light, from a proper installation, is brilliant, 
reliable, perfectly safe, and under control,” for it has 
recommended that the tender of Messrs. Woodhouse 
and Rawson, which was next in amount to that of the 
Consolidated Company, should now be accepted. 
Messrs. Woodhouse and Rawson have offered to take 
over the contract of the defunct company, with slight 
alterations, and, although several councillors spoke 
somewhat strongly against the electric light and sug- 
gested that gas should be employed, their offer has 
been accepted. The terms are £1,945, and £210 per 
annum to maintain the whole of the plant in good 
working order for seven years. 


Military Use of the Telephone.—We understand that, 
in connection with the manceuvres which are to be 
carried out on Easter Monday and two or three pre- 
ceding days in the vicinity of Portsmouth, the tele- 
phone will play a rather important part. The different 


forts which are to be garrisoned by the defending force, 
will be connected by wire, so that the approach of the 
enemy and other messages of an important description, 
may be promptly circulated. The necessary apparatus 
is to be fitted by the Western Counties and South Wales 
Telephone Company. 


Telephone Experiments. — The efficiency of the 
telephone for moderate distance communication was 
put to the test at Portsmouth last week, in con- 
nection with a lecture delivered by Mr. J. H. Sandy, 
the local manager of the Western Counties and South 
Wales Telephone Company. By the permission of Mr. 
Goldston, telegraph superintendent to the railway 
company, Mr. Sandy was permitted to make use of the 
railway telegraph wires. The wires from the Pro- 
testant Hall were connected at the Portsmouth Town 
Railway Station, and at Southampton, twenty-four 
miles distant, the telephone agent was in attendance to 
speak through. In order that the audience might have 
an opportunity of judging for themselves, extra re- 
ceivers were placed in the hands of several of their 
number, who expressed themselves thoroughly satisfied 
with the experiment. 


The Meucci Telephone, —A company has been formed, 
called the Citizens’ Telephone of Newark, N. J., for the 
purpose of doing a general telephone exchange busi- 
ness, and it is said that the construction of lines will 
be begun as soon as 300 subscribers have been ob- 
tained. It is said that 100 of these were secured in 
one day. The new company claims that the rentals 
will be 30 per cent. less than those charged by the Bell 
Telephone Company. The Meucci telephone will, it 
is said, be used, but not, we presume, the original form 
of that instrument. 


The Telephone on Board Ship.—Capt. J. D. Randall, 
master of the steamer Enquirer, of Memphis, Tenn., 
claims to be the first to employ the telephone on board 
of a steamboat. His steamer, when at the landing, is 
connected with the exchange, and the arrangement is 
found to be very convenient. The telephone is 
„grounded“ in water and works very well. As it 
is not possible for the river steamers to land at the city 
wharf every day in the same place, a wire is strung up 
and down the river, and from each pole a loose wire 
hangs down, to which connection is made. From that 
it runs to the boom of the stage rigger, at the bottom of 
which a wire is connected to the telephone in the 
office of the steamer. 

Our correspondent in the North of England who 
recently gave us some information respecting tele- 
phones on board a steamer, will probably recognise the 
difference between the installation of which he spoke 
and that mentioned here, where communication with 
the shore was the great point aimed at. 


Cable Rates.—It is announced that the Eastern 


Telegraph Company will reduce rates to several stations 
on July Ist. 


Atlantic Cable Broken.—A telegram from New 
York announces a fracture in the French cable about 
220 miles from Duxbury. 


Atlantic Cable Competition.—A further reduction in 
the Atlantic cable rates is announced. The Western 
Union Telegraph Company informs us that on and 
after the 5th May next the rate for telegrams to New 
York and most of the principal telegraph stations in 
North America will be reduced to sixpence per word ; 
and the Direct United States Cable Company also sends 
a communication to the same effect, with the additional 
information that special arrangements may be made 
for the transmission of Press messages at threepence 
per word. The other companies which have a share 
in the “ pool” arrangement have also reduced to 6d. 
per word. We would suggest to the Commercial Cable 
Company that it may possibly be the wiser plan to 
maintain its present rate; or, at all events, to devote 
one cable to messages at an increased charge, such 
messages to have precedence of all other matter. 
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SS. Buccaneer.“ — Early in the month this ship 
arrived at her moorings off the works of the India 
Rubber and Gutta Percha Company at Silvertown 
after a cruise of nearly six months duration. The ship 
is not only fitted with the machinery necessary for 
cable work, her light draught making her very handy 
for landing shore ends on a shoal coast, and for river 
work; but she also has every appliance for ocean 
research as the work she has lately been engaged in 
had for its object, besides the selection of the best 
ground for cable laying, the solution of many problems 
connected with the bed of the Atlantic on the African 
side. We understand that the soundings and observa- 
tions carried out under the direction of Mr. J. T. 
Buchanan, and which extend over a large tract of 
hitherto unexplored ocean, have resulted in the ac- 
quirement of most interesting additions to the science 
of marine biology and to the knowledge of currents 
along the African coast, more especially with regard to 
the equatorial current. Mr. Buchanan has been assisted 
by Mr. J. Rattray, naturalist, and some of the Silver- 
town staff, including an analytical chemist ; the actual 
work, the preparation of specimens, and the recording 
observations and results, necessitating a comparatively 
numerous body of assistants. The results which most 
interest the West African Telegraph Company (under 
contract with whom the Silvertown Company is carry- 
ing out the work of establishing telegraphic commu- 
nication along the African coast) are those which relate 
to the soundings. These show throughout the whole 
route to be followed by the cables, a splendid bottom 
of soft mud and globugerina ooze, with the exception 
of two places where rocky ground is met with, but 
which can be easily avoided owing to the information 
now acquired. We trust that Mr. Buchanan will pub- 
lish the results of his observations, which must be of 
special interest with regard to the Gulf of Guinea, the 
ocean bed in the neighbourhood of the islands of 
Principe and St. Thome, the debouchure of the Congo, 
and the researches on the equatorial current. The 
necessity of carefully selecting men, and also of care- 
fully looking after them, on an expedition of this 
nature, where the climate is so adverse, was never more 
fully demonstrated, and it is due to the fact that officers 
and men were chosen not only with regard to their 
abilities, but also with consideration as to their phy- 
sique (the weaker ones being weeded out and trans- 
ferred to the other ships while on the coast), that no 
sickness was experienced during the cruise, and it 
must be remembered that the work of sounding, taking 
serial temperatures, and observing the force and direc- 
tion of currents involves no slight amount of labour 
and exposure. 


Tue Naniwa Kan. —Mr. A. A. Campbell Swinton 
writes to us to point out several inaccuracies in our 
paragraph -concerning this cruiser which appeared in 
our issue of the 16th inst. The steering gear is 
hydraulic, not electrical, as stated. There are no less 
than four search light projectors, two being on the 
forward and two on the after bridge. The engine 
room telegraphs are of the ordinary mechanical type. 
The guns, as well as the torpedo tubes, are fitted with 
electric firing gear, so that by pressing a key in the 
conning tower a broadside of five guns can be simul- 
taneously discharged. The whole of the lighting and 
other electrical installations have been carried out by 
the electrical department of Messrs. Sir W. G. Arm- 
Strong, Mitchell & Co., who built and fitted out this 
most redoubtable vessel. 


Progress in Electrical Tramears,—We hear on good 
authority that Mr. Reckenzaun has received definite 
orders for no less than twenty I-horse cars for 
German tramways. We trust that this success abroad 


will give increased confidence in electric locomotion in 
our country. 


Notice of Removal.—The Western Electric Company 


hotifies a removal to new premises at 79, Coleman 
Street. E. C. 


Electricity in Shipbuilding Yards.—Messrs. Sir 
W. G. Armstrong, Mitchell & Co., of Newcastle-on- 
Tyne, the famous manufacturers of ordnance and 
builders of ships of war, have an electrical department 
included in their vast establishment, Among other 
works, they have recently completed an extensive 
installation of incandescent lamps in their drawing 
offices, above 200 lamps being employed. They have 
also lately fitted up two large Japanese cruisers with 
incandescent and search are lamps, and have at present 
in hand a similar and very extensive installation on a 
large Chilian ironclad. They have, moreover, adopted 
electric are lighting in their new steel works and metal 
foundry, and also in their recently finished Elswick 
shipyard, and in the latter make extensive use of 
temporary installations of incandescent lamps for 
the interior illumination of war ships in course of con- 
struction. Electricity is also employed in connection 
with the chronographs used for determining the 
velocity of the shot fired at their proof ranges, and also 
for the measurement of the temperature of some of 
their furnaces. There is a complete system of tele- 
phonic and telegraphic communication between the 
various departments, there being no less than 21 
separate sets of instruments in connection with the 
establishment. When it is remembered that the 
Elswick part of their works is in itself over a mile in 
length, the advantages of the above becomes immedi- 
ately apparent. 


Newspaper Science, — We read in the Swansea 
Cambrian of the 9th inst., that “there is a defect in 
electric lighting which the researches of specialists and 
their experiments have failed to overcome. That is 
the vacum (sic) which every now and then occurs in 
even the most powerful systems of incandescent lighting, 
causing a constant failure in the steadiness of the 
gleam.” 


Railway Benevolent Institution—We have been 
requested to state that the annual dinner in connection 
with this institution will take place at the Freemasons’ 
Tavern, London, on Wednesday evening, the 12th 
May, under the presidency of John Dent Dent, Esq., 
Chairman of the North Eastern Railway Company. 
The institution has been established to provide for the 
necessitous members, orphans, children, and widows of 
the railway officers and servants in the United 
Kingdom. We understand that a special fund in con- 
nection with Mr. Dent’s presidency is being raised, 
and that it has been arranged that subscriptions may 
be addressed to Mr. Dent, at the company’s office, 
York. 

The City and Electric Lightiug.—At last Tuesday's 
meeting of the Commissioners of Sewers, the Remem- 
brancer (Mr. G. P. Goldney) reported that three electric 
lighting Bills had been introduced in the House of 
Lords. He thought it necessary that the Commission 
should be in a position to tender evidence, as he im- 
agined they had a larger experience in the electric 
lighting of towns than any other authority. He had, 
in fact, been requested by one of the peers to make 
arrangements for evidence to be given by the Com- 
mission. He did not propose that they should embark 
on a costly inquiry, but it was quite possible the Engi- 
neer's opinion might be desired by the committee. He 
had drawn up a short petition to enable them to bring 
forward witnesses, which he asked the Court to sign. 
The petition was signed accordingly. . 


The Edison-Bergmann Transmitter.—A_ correspon- 
dent writes to us respecting this apparatus which was 
illustrated in our last :—“ Be good enough to show the 
connections in the different parts of the transmitter 
and show how the centre of the spindle can regulate 
the screw, rigidly supported and bedded in the front of 
the case, for I am puzzled.” As we remarked in our 
“ Notes” last week, p. 354, cur illustrations were 
taken from an American contemporary; we cannot 
supply any further particulars, 
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The Electric Lighting Bills.—The Select Committee 
of the House of Lords upon the three electric lighting 
Bills is composed of the Earl of Camperdown (chair- 
man), Earl Cowper, the Earl of Crawford and Balcarres, 
Viscount Bury, Lord Balfour of Burleigh, Lord 
Methuen, Lord Houghton, Lord Rayleigh, and Lord 
Lingen. The Committee will commence its inquiry on 
May 10th. 


Telephonie At Homes,’ —During the past week the 
Northern District Telephone Company has had an 
exceptionally busy time, the trunk lines between Mid- 
dlesborough and Stockton, and Stockton and Hartle- 
pool having been opened. These events were celebrated 
by telephonic “at homes,” given at the three towns, 
namely, at Middlesborough on Wednesday, Stockton 
on Thursday, and Hartlepool on Friday. The invita- 
tions issued by Mr. Clay, the manager of the company, 
were taken advantage of to a large extent, as shown by 
the large and fashionable audience on each evening. 
The Theatre Royal at Middlesborough being connected, 
the performances given by the Royal English Opera 
Company were distinctly heard and much appreciated 
each evening ; and, when it is stated that every word 
and note of music could be heard at Hartlepool (a dis- 
tance of rather over 19 miles) just as plainly as at the 
company’s exchange at Middlesborough, further com- 
ment upon the excellent way in which the line has 
been erected is unnecessary. 


Telephonic Rates.—The Glasgow corn merchants 
who are connected with the exchange of the National 
Telephone Company, have resolved to cease their sub- 
scriptions at the close of their existing contracts with 
the company, unless they have an undertaking that the 
annual charge shall not exceed £15. 


Fire at the Liverpool Telephone Exchange.—One 
day last week a fire occurred in the telephone exchange 
at Liverpool, resulting in the almost total destruction 
of the plant. Considerable skill and energy have 
since been displayed by the officials in repairing the 
damage caused by the fire. In five days afterwards, all 
the complicated arrangements were again got into 
working order. Upwards of 20 miles length of wire 
had been destroyed. 1,800 wires had to be cut away, 
having been soldered together by the intense heat, and 
much difficulty was experienced in finding out the 
owners of them. The electrician had 5,000 sections to 
arrange, and 3,000 of them were soldered together as 
above stated. Mr. W. A. Sharp, the electrician, and 
Mr. Rowe, the engineer, have earned the thanks of the 
subscribers and the company for the energy they dis- 
played in so rapidly repairing the damage. 


— — 


Telephone Exchanges.—The National Telephone 
Company has decided to establish an exchange in 
Dunfermline, giving communication with Glasgow, 
Alloa, Stirling, Falkirk, Dundee and Kirkcaldy. 


Telephone Extension to Greenock.— The building of 
the telephone line from Glasgow to Port Glasgow and 
Greenock makes good progress and will shortly be 
opened for traffic. The new line will give a more 
oxtended service to the subscribers at Greenock and 
Port Glasgow, and will also enable the National Tele- 
phone Company to discontinue the renting of the two 
post office wires between Glasgow and Greenock. 


The Edinburgh Exhibition.—The electric railway is 
to be laid down in the northern portion of the grounds, 
and will run under the line of trees between the 
east and west entrances. The North Metropolitan 
Tramways Company, London, will give the use, free 
of charge, of two of its finest cars ; the motive power 
will be supplied by one of Marshall’s engines ; and the 
electricity will be provided by King, Brown & Co. 

Trials were made on Monday afternoon and evening 


— 


with the Thomson-Houston electric light in the perma- 
nent building of the International Exhibition at Edin- 
burgh: The installation is divided over three circuits 


supplied by different dynamo machines that in 


the event of there being a mishap in any of the circuits 
the other two may remain intact. Circuit after circuit 
was tried, and success followed success. Lord Dean of 
Guild Gowans, chairman of the Executive Council, as 
well as several members of the council, were present, 
and all of them testified to the success of the system, 
which, if exception be made of an installation in 
Glasgow, is new to Scotland. Besides the permanent 
building, several of the courts and part of the pleasure 
grounds will be lighted by the Thomson-Houston 
Company. 

The first trial of the electric light in section D of the 
International Exhibition, Edinburgh, was made on 
Thursday week by the Anglo-American Brush Electric 
Light Corporation, in the presence of Mr. Carey, the 
engineer, Mr. Bryson, who has the superintendence of 
the electric lighting, and others, and proved highly 
satisfactory. 


Our Correspondence Columns.—From the date of 
our present issue to that of our next the Easter holidays 
will intervene. Bearing this in mind, we shall be glad 
if our correspondents will be so good as to send their 
communications to us by Tuesday morning, so as to 
ensure insertion next week. We have several letters 
which we are compelled to hold over, one being from 
Messrs. R. E. Crompton & Co., in reply to our editorial 
comments on the tests made with one of the firm’s 
dynamos. 


The Shooting of an Electrician.—A despatch from 
Boston, of April 3rd, says :— Henry K. Goodwin, the 
inventor, whose trial at Salem, a few months ago, for 
the shooting of Albert D. Swan, of the Lawrence Tele- 
phone Company, is to receive a life sentence for 
murder in the second degree.” Our readers may 
remember that we notified the crime at the time of 
its occurrence. 


Restoration of Magnetism by Heat.— Writing to the 
Scientific American, Mr. Chas. H. Roberts says :—“ To 


heat a magnet to a red heat has long been known to 


destroy its magnetism ; but from a recent experiment 
of mine with two sound magnets that have from want 
of care lost nearly all their magnetism, I fully restored 
them by rubbing a red hot iron, À inch, over them 
until it had become quite cool. The magnets are 
better now than when new. This experiment was 
prompted in my desire to prove magnetism bears to 
heat as close a relation as electricity. Thus we hope 
soon to be able to make a clearer demonstration.” 


Another Death from Electricity —aA short time ago, 
a man, named Coyle, was killed in America whilst 
making an electrie light wire connection in front of a 
shoe store. The coroner’s jury found that death was 
caused by the carelessness of the deceased. 


A Telegraphist Killed at Clovelly.—Last Friday 
afternoon Mr. Knight, a clerk in the Central Telegraph 
Office, London, was walking with a friend along the 
cliffs near the romantic Devonshire village of Clovelly, 
when he attempted to reach some object on the edge of 
the cliffs, and fell over. He was picked up 100 feet 
below. His death must have been instantaneous. He 


arrived at Clovelly on the previous day to spend his 
Easter holidays. 


To our Readers.—It may interest our subscribers and 


others to know that a very handy reading case has 


been prepared, in which the whole of the half year’s 
numbers of the ELECTRICAL REVIEW can be filed 
until the volume is ready for binding. Particulars 
me à = gathered from advertisement on page 10 facing 
leader.“ 
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Still Another Telephone.—The following telegram, 
from Youngstown, Ohio, appeared in the Chicago 
papers under date of March 30th :—“A practical test 
of the new telephone transmitter of the Rose Electric 
Company was made yesterday under conditions that 
demonstrate beyond a doubt its superiority over the 
Bell instrument now in common use. For some time 
the inventor, Lucien C. Rose, has been secretly at 
work, and recently the Inventors’ Aid Association of 
this city undertook to assist him. Under its direction 
application has been made for a patent, and pending 
the consideration of the case the practical tests referred 
to were made. The transmitter and receiver resemble 
in outward appearance those of the Bell instrument, but 
within there is a difference known only to the in- 
ventor. The experiment was successful in every par- 
ticular, conversation being carried on with perfect ease 
over the immense length of wire. At no time was it 
necessary to raise the voice above the pitch used in 
common conversation. A similar experiment was tried 
a few weeks ago, when a circuit of 960 miles was used, 
and this also proved successful. The company is now 
getting ready for a more thorough test.” 


A Victory for the Bell Company.—A dispatch of 
April 5th, from Philadelphia, says :—“ In the United 
States Circuit Court, before Judges McKennan and 
Butler, argument was to-day heard upon the petition 
filed by counsel for the Clay Commercial Telephone 
Company, which asked to have annulled the restraining 
order issued in the suit of the Bell telephone Company 
against the defendants. The prayer of the petition 
was dismissed, and the counsel for the Bell Company 
was asked by the Court to prepare a final decree in 
favour of his client and to submit it to the Court to- 
morrow, so that the appeal of the case to the Supreme 
Court of the United States could be expedited.” 


Telephone Exchanges in Western Australia.— 
According to the West Australian of March 8th, the 
colony in which that journal circulates is putting forth 
big efforts to make up the distance she has lagged 
behind her sister colonies in the matters of telegraph 
communications and railway facilities, and is also now 
determined not to be behind in making use of the tele- 
phone. The Government was taking active steps 
towards establishing telephone exchanges in Perth and 
Fremantle. 
A. S. T. E., of Dublin, had been secured as superintendent 
of telephones, and that gentleman arrived in Perth 
‘about a month before the date given above to commence 
his duties. Mr. Hancock has had considerable experi- 
ence in the working of telephones in connection with 
the Dublin Exchange, which has about 900 subscribers, 
who use it to the extent of about 7,000 messages per 
diem. Since his arrival in Perth Mr. Hancock has 
superintended the construction of telephonic communi- 
cation between Government House and the office of the 
Colonial Secretary. He is now making arrangements 
fer the organising of an exchange in Perth and another 
in Fremantle. 
couple of trunk lines shall be run between Fremantle 
and Perth, so that the subscribers in the two towns 
may be able to converse with each other as occasion re- 
quires, It had not been decided what should be the 
rent to subscribers, but should there be a fair number 
of them—say a hundred—in each town, it would prob- 
ably, our informant states, be fixed at the low sum of 
£16. The telephone that will most likely be employed 
is the Bell and Blake magneto instrument. 


Nelf-Induction Experiments.—Mr. Sydney F. Shel- 
bourne, of New York, writes to the Electrical World 
respecting the researches on self-induction which 
Prof. Hughes has just made public: “ The resulting 
ee public by him illustrate one thing pretty 
clearly, 


It is the difference of spirit and motive 


The services of Mr. William J. Hancock, 


In course of time it is intended that a. 


with which scientific experimenters in England 
and other parts of Europe undertake their work as 
compared with those of the United States. Here it is 
general practical utility and the endeavour to make the 
subject pay through the Patent Office. There it is 
more largely the amateur spirit which partakes of true 
science, looking mainly to the general reward of repu- 
tation, honour, and philosophic recognition. 
sorry to admit that the comparison touches myself as 
well as other Americans, for no sooner did I see your 
first editorial notice of Prof. Hughes’s address and the 
experiments he describes, than I immediately turned 
among my samples to find an old model of a conductor 
which I had prepared in the autumn of 1883 for the 
purpose of urging its adoption upon the Postal Tele- 


graph Company, then desiring to lay in Washington, 


D. C., underground conductors, embracing some heavy 
ones to be used for their automatic telegraphy, and in 
which they desired to avoid as much as possible the 
effects of induction. I had reasoned out theoretically 
the same conclusions arrived at by Prof. Hughes as to 
the advantage of dividing the current between a num- 
ber of parallel conductors, separated from each other 
in whole or in part, except at the ends, and used as 
one conductor. The conducting core of my model was 
composed as follows: A copper wire lightly insulated 
with winding of paraffined cotton formed the centre ; 
around this was placed four strands of bare copper 
wire of the same size as the centre wire, No. 18, Am. 
G. Each strand was made of two wires twisted 
together. It will be seen that these four strands did 
not fully occupy all the space around the centre insu- 
lated wire so as to touch each other laterally at every 
point, but that the random contacts between them will 
be at uncertain intervals, and that a strand of two 
wires always leave spaces or depressions at the steps of 
the twists which would largely separate the wires of 
any two strands even though in general contact, side 
by side. With such a conductor, composed, as in this 
case, of nine wires, and then insulated as a whole, 
I reasoned that I could accomplish the results now so 
beautifully declared by the experiments of Prof. 
Hughes. Unfortunately for my theories and propo- 
sitions, which were urged before Mr. E. A. Leslie, then 
one of the electricians of the Postal Company, the 
appreciation was not cordial or satisfactory to me, and 
the Postal Company did not care to order any of my 
conductors for their Washington line, so that my model 
was returned to the pile of samples in my office and 
dismissed from my thought until the announcement 
of Prof. Hughes’s experiments.” 


Government or Private Control.—A recent issue of 
the New York Electrical World contains the following : 
Our esteemed London contemporary, the ELECTRICAL 
REVIEW, makes a warm and eloquent defence of 
English originality and inventiveness in the electrical 
field, the occasion of its remarks being a recent little 


note of ours on the remarkable growth of telegraphy 


and telephony during the last sixteen years in this 
country, where electrical applications are unchecked 
by governmental interference or monopoly. The fact is, 
as we readily and gladly admit, that England is well 
to the front in all electrical invention and enterprise, 
and has a most honourable and enviable record. But 
we think that she has nevertheless suffered greatly 
from having her telegraph and telephone service in 
governmental hands. This opinion, too, is not held 
solely in America, neither is it in any way disparaging 
to the many able officials who are to be found carrying 
out efficiently and with intelligence the heavy work of 
their respective departments,” 


Science in Germany.—The Berlin correspondent of 
the Standard says :—“ Dr. Werner Siemens has pre- 
sented to the Government a sum of 500,000 marks 
(£25,000) to establish an institute for the carrying on 
of experiments in natural science.” 


Jam 
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NEW COMPANIES REGISTERED. 


Shipping Appliances Company, Limited.—Capital, 
£10,000, A #10 shares. Object : To purchase the 
business of supplying signalling apparatus and other 
shipping appliances belonging to Mr. John Sachverall 
Gisborne, of 66, Finsbury Pavement, the purchase to 
include the letters patent No. 311, of 1585, for elec- 
trical signalling apparatus. Signatories : R. Bourne 
Atherley, Wallington, Surrey, 25 shares ; H. T. Hanson, 
11, Old Broad Street, 25 shares; J. Gibb, 2, Blackheath 
Rise, 10 shares; W. T. H. Radford, 2, Fenchurch 
Avenue, 5 shares; W. T. Lockhart, C.E., 7, Fenchurch 
Street, 10 shares; F. G. Arbuthnot, 66, Finsbury Pave- 
ment, 10 shares; F. Tate, 7, Fenchurch Street, 5 shares. 
Registered on the 16th inst. without articles of associa- 
tion by Messrs. Waterlow, Bros., and Layton, Birchin 
Lane, Cornhill. 


Leslie Liardet, Limited, — Capital, £5,000 in £10 
shares. Objects: To manufacture mechanical, elec- 
trical, or other gear used in connection with ships, 
boats, railways, wharves, warehouses, &c. ; and, for the 
sum of £70 cash and the issue of 793 fully paid shares 
to purchase the patents of Liardet’s disengaging hooks 
(No. 597, dated 27th September, 1883), and of Liardet’s 
improvements in rudders and rudder fittings (pro- 
visional protection No. 11,196, dated 21st September, 
1885). Signatories (with one share each): H. W. 
Royle, Cricklewood ; A. C. Baber, Broadstairs ; J. W. 
Postlethwaite, 7, Old Burlington Street; E. Samson, 
1, Lincoln’s Inn Fields; R. Warner, 10, Priory Road, 
Kilburn ; J. Banks, 58, The Grove, Gamberwell ; G. E. 
Baker, 6, Guildhall Chambers. The signatories are to 
appoint the first directors; qualification, 20 shares ; 
remuneration, £200 per annum whenever the profits 
admit the payment of £6 per cent. per annum dividend. 
Registered 17th inst. by Mr. E. Samson, 3, Gracechurch 
Street. 


Miners’ Electric Safety Lamp Company, Limited.— 
Capital, £100,000 in £1 shares. Objects: To purchase 
from Benjamin Nicholson, of 57, Coleman Street, the 
right to use for mining purposes certain patent rights 
granted for improvements in batteries for generating 
electricity, and for telegraphic, telephonic, and other 
purposes. Signatories (with one share each), S. C. 
Woodley, 5, Montern Road, Forest Hill; F. J. King, 
Northumberland Park, Tottenham ; T. Ford, 1, Milton 
Villas, West Green Road, Tottenham; G. W. Cook, 
3, Swan Buildings, Moorgate Street; A. E. A. Nichol- 
son, The Torrs, South Norwood; S. Innes, 94, Manor 
Street, Clapham. Registered, 20th inst., by Messrs. 
Burns and Berridge, 9 and 10, Pancras Lane. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


National Company for the Distribution of Electricity 
by Secondary Generators, Limited,—The annual return 
of this company made up to the Ist inst. was filed on 
the 14thinst. The nominal capital is £500,000 divided 
into 3,000 preferred and 47,000 ordinary shares of £10 
each. 2,114 preference and £20,000 ordinary shares 
have been allotted, and the full amount has been called 
thereon. The calls paid amount to £11,140, and the 
sum of £210,000 is considered as paid upon 1,000 pre- 
ferred and 20,000 ordinary shares. 


Swan Electric Light Company, Limited, — The 
annual return of this company made up to the 16th 
May, 1559, was filed on the 14th inst. The nominal 
capital is £100,000 in £10 shares. The whole of the 
shares are allotted, and £37,500 has been received on 
account of calls; 2,900 shares have been allotted to 


Mr. Joseph Wilson Swan as fully paid, the paid up 
capital thus amounting to £62,500. 


E. T. Syndicate, Limited.—The registered office of 
this company is situate at 2, Victoria Mansions, Victoria 
Street, Westminster. 


Fischer Electro Amalgamator Company, Limited,— 
The registered office of this company is now situate at 
15, Queen Street, E.C. 


Phosphor Bronze, Co., Limited,—The annual return 
of this company made up to the 5th ult. was filed on the 
llth ult. The nominal capital is £150,000 in £10 
shares. 7,491 shares have been allotted, and upon 
6,592 shares £10 per share has been called up, and £5 
per share upon the remaining 899 shares. The calls 
paid amount to £70,415. 


CITY NOTES, REPORTS, MEETINGS, &c. 


Oriental Telephone Company, Limited, 


Tue sixth ordinary general meeting of this company was held 
at the Cannon Street Hotel, on Tuesday, under the presidency of 
Mr. William Addison. 

The directors’ report stated that the profit and loss account for 
the year exhibits a credit balance of £3,569 17s. 6d., which shows 
a slight improvement on the returns of the previous year, in 
spite of irregularities on the part of the late manager at Mauritius, 
a loss on the working of the Colombo branch, together with the 
further heavy fall in the Eastern exchanges. The improvement 
is in some measure due to reductions in the London expenses. 
The Indian guarantees are still a very heavy burden on the 
resources of the company, but full provision has been made for 
last year’s claims in respect thereof in the item of £4,436 3s. 5d. 
Although the expansion of the Indian revenues has been very 
slow, and some withdrawals of exchange subscribers have taken 
place, owing to financial failures and the general depression of 
trade, on the whole, the results from India are better than last 
year. The local companies in Bombay and Calcutta are now 
introducing the“ Magneto” system throughout their“ exchanges,” 
and it is hoped that with a more efficient service thus provided, a 
considerable increase in the number of subscribers at each place 
will follow. From Bombay latterly the advices have been much 
more encouraging. Your directors have thought it advisable to 
re-value the stores on hand at the various agencies, and the result 
is that an amount of £480 16s. 11d. has been written off, chiefly 
on the value of instruments which had been sent out in the 
earlier days of the company, and which have been found to be 
unsuitable. A sum also of £305 7s. 11d. has been charged in 
respect of the Egyptian indemnity, the £1,000 reserved on this 
account having proved insufficient to meet the expenses in con- 
nection therewith. After writing off all the above items, the 
balance remaining to the credit of profit and loss is £2,292 10s. 4d., 
which it is proposed to carry forward. It has been found 
necessary to make several alterations in regard to the management 
in the East, and the result has been beneficial. The question of 
the rights of the company in Australasia has occupied a consider- 
able time in the deliberations of the board, and will continue to 
engage their serious attention. Your directors are glad to be 
able to report an increase in the revenues of the subsidiary 
companies—notably in that of the Egyptian Company—the shares 
of which are almost entirely held by your company. The Egyptian 
Company has earned and paid during the past year 5 per cert. on 
the issued preferred capital. Your directors would point out that 
these shares, although of the nominal value of £5 each, are only 
credited in the balance sheet at a value of less than £2 10s. per 
share. In China the business has been placed on a better footing, 
and your directors have accepted from the China and Japan 
Company £4,200 7 per cent mortgage debentures in settlement of 
the balance due by that company, whose position now shows a 
distinct improvement. The present board feeling that the 
Articles of Association, especially as altered from the original 
form, place undue power in the hands of the directors, have 
carefully considered the matter and propose certain alterations 
giving greater influence to the votes of the shareholders, and 
these proposed alterations will be submitted to an extraordinary 
general meeting. You will be asked to authorise the payment of 
the expenses incurred by the committee of investigation, amount- 
ing to £72, and whether the said committee shall receive an 
award for their services. 

Mr. A. B. Chalmers, the secretary, having read the notice 
convening the meeting, 

The Chairman said he thought he would be able show that the 
progress for the past year had been more satisfactory than wou'd 
appear from a cursory glance at the accounts. The accounts were 
now in different form, and would be more readily understood 
Their holdings of shares in different companies were set out in 
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a simpler and more intelligible manner, the deferred shares not 
being included in the valued assets, although as the terms for the 
guarantees drew near they really became a very valuable 
property. In the accounts they would see that a sum of £935 was 
taken credit for last year which really belonged to the year 
before ; it represented the amount of guaranteed interest on the 
Bengal and Bombay companies” share held by this company in 
that year. The accounts this time were charged with the item of 
income-tax, £122, which did not really belong to the year, but to 
the previous one. Although they were assessed by the Commis- 
sioners to the amount of £146 last year, they had, in consequence 
of their representations that they were not paying a dividend, 
obtained exemption. In reference to £480 written off for depre- 
ciation of stores, half of it hardly belonged to this year, as it was 
for old material sent out in the early days of the company and 
which had become practically obsolete. A loss of £350 had 
occurred on the working at Colombo, and by defalcations 
in Mauritins; these defalcations were not, however, so serious 
as was at first expected, and the latest advices led them to 
hope that £200 would cover the item. Their new agent in 
Mauritius reported more hopefully of the position generally. Unfor- 
tunately their exchanges were in towns which were most parti- 
cularly affected by the bad times, and the heavy falls in the 
eastern exchange had largely decreased their profits for the year. 
During the year the business in Egypt was greatly improved ; 
the directors of the company there had declared a dividend of 
5 per cent. as against 3} per cent. for the previous year. The 
shares were still valued at less than half their nominal value. 
Since the accounts for 1885 had been made out the business had 
steadily continued to improve. The Indian guarantees were 
=, decreasing, but not so fast as they wished. The Bengal 

ompany for last year showed a decrease of £650, and the Bombay 
of £600 ; the guarantees for the former would expire in May, 1888, 
and for the latter in September, 1887. After these ceased the 
deferred shares came in for an equal share with the others, so that 
instead of having to pay 8 per cent., they would be receiving a 
per centage on all their holding, whatever it might be. The total 
number of new subscribers for the year was 537; the with- 
drawals, caused chiefly by failure and bad times, were 206, leaving 
a net increase of 331. The total number of subscribers up to 
December 31st, 1885, were 1,889, as against 1,878 in December, 
1884. The total number, up to the latest advices, about the 
middle of March, was 1,984. The directors had taken £500 for 
their remuneration for the past year, and proposed to take the 
same for the current year. They would see that their financial 
position, with £2,000 deposited at the bankers, nearly £1,000 to 
current account, and over £600 at their agencies abroad, was by 
no means unsatisfactory. He moved the adoption of the report 
and accounts. 

Mr. G. A. F. Cavendish Bentinck, M.P., seconded the reso- 
lution, which was carried unanimously. 

Messrs. Gréwing and Lloyd were re-elected directors, and 
Messrs. Deloitte, Dever and Griffiths were re-appointed auditors. 

Mr. A. H. Baker moved that the £72 which the committee of 
investigation, appointed about two years ago, were out of pocket 
in consequence of their proceedings, should be refunded, and that 
a cheque of 200 guineas, or £25 each, should be presented to them 
for their services in rescuing the company from certain disaster. 

Mr. C. L. W. Fitzgerald seconded the motion, and it was 
agreed to. 

This concluded the ordinary meeting; an extraordinary general 
meeting followed, at which the following resolutions relating to 
alterations in the articles of association having the effect of 
limiting the powers hitherto held by the directors were passed :— 

1. That article 56 of the articles of association of the company 


be altered by striking out the words :—“ But this article shall be 


construed as being only directory.” 

2. That article 60, clause (a) be altered by the addition of the 
following words:“ Provided that the total amount for the time 
being owing shall not, without the previous consent of a general 
meeting of the company, exceed £10,000.” 

To add the following words at the end of amended clause (c) of 
the same article after the words “ or other interests ” :—“ But the 
authority hereby conferred is not to be deemed to authorise the 
sale of the entire business or undertaking of the company without 
the previous consent of a general meeting.” | 
That clause (d) in the same article be rescinded and the follow- 
ing substituted :— They may from time to time appoint any one 
or more of their number managing director or managing directors, 
with such share or proportion of the remuneration payable for the 
time being under article 58, and for such period as they deem fit.” 

To add the following words to clause (e) of the same article :— 
= Subject to confirmation at the next annual meeting.” 

To insert in clause (f) of the same article, after the words 
“they may,” in the first line, the following words, viz. :—‘ Sub- 
ject to the limitations imposed by paragraph (a) of this article.” 

3. That article 61 be altered by the addition of the following 
words after the words “the continuing directors” in the first 
line:—“ So long as their number for the time being is not less 
than five.” 

. 4. That article 64 be rescinded, and the following be adopted in 
its place :—“ No contract or arrangement entered into by or on 
behalf of the company with any company, corporation, or partner- 
ship, of or in which any director shall be a member or otherwise 
interested, shall be avoided, nor shall any director being such 
member, or so interested, be liable to account to the company for 
any profit realised by any such contract or arrangement by reason 
ouly of such director holding such office, or of the fiduciary rela- 


tion thereby established; but no such director shall vote in 
respect of any such contract or arrangement.” 


Reuter’s Telegram Company, Limited. 


THE twenty-second ordinary general meeting of this company was 
held at the offices, 24, Old Jewry, on Thursday, when the follow- 
was presented: 

he directors beg to submit the accounts for the year ending 
31st December last, which show, after payment of current charges, 
and deducting rebate on unexpired subscriptions a credit balance 
of £613 5s. 10d. 

In the circular issued last October, the shareholders were in- 
formed of the heavy expenses entailed by the successive 
campaigns in the Soudan and the Anglo-Russian crisis. The 
anticipations which were then entertained, that the exceptional 
state of political affairs had ceased were unfortunately not 
realised, the Servo-Bulgarian and the Burmese wars having fol- 
lowed immediately afterwards. 

The directors regret that, owing to these causes, the results of 
the year’s — do not admit of a dividend being declared. 
They. have, however, the satisfaction to announce to the share- 
holders that new arrangements have been entered into with the 
Press, which provide for future exceptional expenditure in time 
of war or prolonged political disturbance. 

The directors regret to have to record the death of their 
esteemed colleague Mr. James Sydney Stopford. It is not pro- 

ed tc fill up at present the vacancy thereby created on the 
— In conformity with the articles of association, Admiral 
the Right Hon. Sir John C. D. Hay, Bart, K. C. B., retires from 
the direction, but offers himself for re-election. The auditors, 
Messrs. Quilter, Ball & Co., also offer themselves for re-election. 
[Our report of the meeting will appear next week. | 


The Indo-European Telegraph Company, Limited, 


The nineteenth ordinary general meeting of this company was 
held at the Cannon Street Hotel, on Wednesday, when thé follow- 
ing directors’ report for 1885 was presented :—The company’s 
revenue from all sources for 1885 amounted to £116,150 3s. 1d. 
as compared with £98,103 11s. 9d., showing an increase of 
£18,046 11s. 4d., or rather more than 18 per cent. The expenses 
were: on commercial and general account, £26,509; on main- 
tenance account, £25,088 8s. 11d., including £145 5s. 11d. paid to 
the Russian Government; total £51,597 8s. 11d., as against 
£53,323 19s. 6d., a decrease of £1,72610s.7d. This is owing to 
the exceptional outlay on the duplicate Kertch cable which 
appeared in last year’s accounts. e maintenance expenditure, 
however, includes the cost of alterations and improvements in 
the company’s lines. On commercial account there is an increase 
of £1,637 7s. 7d., mainly occasioned by staff for additional through 
circuitsand the expenses attendant upon the increased business done. 
Deducting the above expenses, taking credit for £4,578 11s. 7d. 
balance brought over from 1884, and debiting income tax, there 
remains the sum of £67,456 5s.1d. From this amount £10,625 
has already been paid for interim dividend, leaving a balance of 
£56,831 5s. 1d. The directors, after setting aside £15,000 to the 
reserve fund, ＋ * the declaration of a dividend for the last 
six months of 17s. 6d. per share, making, with the interim 
dividend already paid, 6 per cent. for the year, and a bonus of 
30s. per share, both free of income tax, making in all 12 per cent. 
for the year, and carrying forward £1,456 5s. 1d. to the credit of 
1886. The extra cable circuit secured by the new agreement 
with the Post Office, and the other additions made out of revenue 
to the company’s system, aided by the second wire granted by the 
German Government, by which two special circuits are secured 
from London to Teheran, continue to prove of great advantage to 
the working of the company’s system. The above improvements 
have also contributed to enable the company to deal satisfactorily 
with the additional business thrown upon the lines during the 
past year. The large augmentation of revenue is quite exceptional 
and is owing to the total interruption of the Eastern Company’s 
line for some three weeks, the disturbances in Burmah and the 
Afghan Frontier question, and it is satisfactory that the 
£18,046 lls. 4d. of additional revenue has only occasioned an 
increased expenditure on commercial account of £1,637 7s. 7d. 
At the Telegraph Conference of Berlin, in response to the desires 
expressed by the Indian Government and the German Postmaster- 
General, His Excellency, Dr. von Stephan, it was determined to 
reduce the rate to India from the Ist of July next from 4s. 7d. to 
4s. per word. This will cause a diminution of the company’s 
revenue, but the Board were of opinion that the time come 
for a material reduction in the tariff. Reductions were also 
arranged for, to Australia and China, the amounts of which are 
not yet fixed, to take effect from the same date. The following 
directors retire by rotation, and offer themselves for re-election :— 
Colonel James Holland and H. H. Meier, Esq. | 

[In consequence of the occurrence of Good Friday this week, we 
have to go to press a day earlier, and therefore postpone till next 
week our report of the meeting.] 


The Eastern Telegraph Company, Limited.—This 
Company announces the payment, by interest warrants, on May 
Ist next of interest for the half-year ending April 30th, 1886, on 
its 4 per cent. mortgage debenture stock. 
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TRAFFIC RECETPTS. 


The Western and Brazilian Telegraph Company, Limited, The receipts for the week 
ending April 16th were £2,466, after deducting the fifth of the gross 
receipts payable to the London Platino-Brazilian Telegraph Company, Limited, 


The West India and Panama Telegraph Company, Limited. The estimated 
receipts for the half-month ended the 15th April are £3,527, as compared 
with KI, On in the corresponding period of 1885, 


The Brazilian Submarine Telegraph Company, Limited. The receipts for the week 
ending April 16th amounted to £2,964, 


PROCEEDINGS OF SOCIETIES. 


The Society of Telegraph-Engineers and Electricians. 


REPLY OF THE PRESIDENT TO THE DISCUSSION ON His IN- 
AUGURAL ADDRESS ON SELF-INDUCTION. 


(Continued from page 362.) 


Ir we reduce the extra currents by employing thin sheets or 
strips, there is in the case of iron a still more remarkable 
difference, for in strips of different metals of the same width, the 
force of the extra currents in iron is actually less than that of 
brass, and if we compar? an iron strip with an iron or copper 
wire of the same resistance, we have iron wire 500, copper wire 
100, and the iron strip 45, or actually 55 per cent. less than the 
copper wire. 

In the case of wires a nearer approach to equality in inductive 
capacity is shown when they are of the same resistance, but in 
strips this is reversed, for here, when equality in resistance is pro- 
duced by wider strips, the difference becomes greater, iron then 
having actually less inductive capacity than a lead wire of the 
same resistance. 

This extraordinary result must be due, not only to the reactions 
of contiguous portions of the current being less in sheets or strips 
than in wires, but also from an imperfect formation of the cir- 
cular magnetism which takes place in all iron wires on the 
passage of an electric current. This, however, is only a partial 
cause, as we can obtain a still further reduction of the extra 
currents by employing numerous fine wires separated from each 
other, the circular magnetism in the latter case being perfectly 
formed in each wire; but we still have the maximum experi- 
mental reduction due to the separated portions of the current no 
longer acting on each other. Copper and all metals show a 
similar reduction when we separate the wires of a strand convey- 
ing a current, but when the numerous wires are brought close 
together, copper approaches in value that of a solid wire, whilst 
iron wires are but comparatively little influenced by their closer 
proximity. 

I have tried all forms of conductors, such as square, stellar, 
tubular, &c.; they all show a gradual diminution of inductive 
capacity as compared with those of a solid circular section; in a 
solid conductor the maximum effect being obtained in the circular 
section, and the minimum in that of a wide flat sheet. 

We can reduce the self-induction of any metal far below the 
comparative force that I have given, by widening the strip or, 
still better, by diminishing its thickness as we widen it, and it is 
evident that if we keep the same width and gradually increase its 
thickness, we then approach the conditions of a solid wire ; conse- 
quently, where it is necessary that we should be able to utilise a 
given amount of copper in the best possible form, so as to convey 
a current of an enormously high tension but of short duration, as 
required in a lightning rod, we should widen the conductor as 
much as the mechanical stability and durability of the conductor 
will allow, and I believe that a lightning conductor of copper 1 
mm. thick by 10 cm. wide would satisfy the mechanical require- 
ments whilst preserving the physical conditions necessary for a 
perfect conductor. 

My experiments have shown clearly that a solid iron rod is un- 
suitable for a lightning conductor; but we may use a stranded 
iron wire or a flat iron sheet of the same conductivity as the 
copper. The iron wires should be galvanised, as all iron wires 
coated with a non-magnetic metal show a marked reduction in 
their inductive capacity ; and here, as well as in the ribbon form 
of copper conductors, practice has guided our inventors in the 
right path, for it is an almost universal practice to galvanise iron 
wires in order to preserve them, and ribbon copper lightning con- 
ductors have been gradually replacing the most objectionable 
iron rod, for which there can be no defence based on experimental 
or scientific reasoning. 

I have already given the results of a compound wire of copper 
and iron made by myself, but I have since (through the kindness 
of Mr. W. H. Preece) been furnished with some most admirable 
specimens of American compound wires, the copper being electro- 
deposited upon a core of steel wire, and also some specimens in 
which the core is of copper with a steel exterior. I have thus 
been enabled, not only to verify my previous results, but to prove 
that an exterior coating of copper has a most powerful influence 
in reducing the self-induction of its steel or iron core; for, if we 
take a given length of this wire and compare it with a similar 


length and diameter of copper wire, and taking for comparison the 
copper as a standard of 100, we have only 107, or 7 per cent. 
increase, for the compound wire, but if we file off the copper so ns 
to leave the steel core bare, the inductive value of this same wire 
rises to 350. 

In order to study this effect, let us place an iron wire in the 
interior of a closely fitting copper tube, and insulated from it: 
this has no effect upon the iron wire; but if we join the exterior 
copper tube to the interior iron wire at both ends, the current passes 
through both at the same time, and the inductive capacity of this 
compound system is reduced almost to that of solid copper, as 
previously observed in the compound wires. These effects can 
be fully explained, when we reflect that the circular magnetism 
produced by the passage of an electric current through an iron 
wire is produced only upon the exterior portion of the wire, and 
cannot take place when this exterior is, as in a compound wire, 
of copper; consequently a steel or an iron wire coated with 
copper of sufficient thickness, is entirely free from this magnetic 
reaction. 

Now, if an exterior | of copper has such an effect in 
reducing the self-induction of its iron core, it follows that an 
opposite effect should be produced by coating a copper wire 
with iron. Experiments with this, and also with a copper wire 
inserted in a closely fitting iron gas tube, prove that the effect 
was as foreseen, viz., a remarkable increase in the inductive 
capacity of the wire. 4 

One result, however, which I did not foresee, although it is 
clearly indicated in the experiments quoted in my paper, is that 
not only is the inductive capacity of the interior copper wire 
increased to a great degree, but that a copper wire coated with 
iron has a higher degree of self-induction than a sold iron wire ; 
in fact, its inductive capacity is not only higher than is possible 
to obtain from the softest iron wire, but its resistance in the 
variable period is proportionally greater than any yet remarked | 
in a solid iron wire. I have made numerous experiments on this 
subject, and they all show that whilst copper in a straight wire 
or a single wide loop has a far less inductive capacity than iron, 
it has, on the other hand, the property of being far more excited 
by the reaction of iron, so that a straight copper wire can be 
excited by this reaction to a ae greatly exceeding that of a 
straight iron wire under precisely the same conditions. 

I will cite a few experiments which illustrate this point. A 
copper and an iron wire of equal resistance, and 1 métre in 
length, were measured for their inductive capacity and resistance, 
the inductive capacity of the copper wire being as 100, as 
compared with 400 for the iron. The resistance of the copper 
in the variable period had only 8 per cent. increase, compared 
with 128 per cent. for the iron; but a great change took place 
when each of these was placed in the interior of an iron gas tube 
of sufficient diameter to allow of the wire being insulated. The 
force of the extra currents in the copper wire then increased 
350 per cent., whilst the iron increased but 8 per cent.; the force 


of the extra-currents being now for copper 450, against 433 for 


the iron. 

The influence of an exterior iron tube on the resistance of the 
wire during the variable period was still more marked. The 
copper wire, which without the exterior iron tube had only 8 per 
cent. increase, now showed 934 per cent. increase, or, by direct 
measurement, 1 métre of this wire, during the rapid rise and fall 
of the current as in the variable period, had precisely the same 
resistance as 10°34 mètres in the stable period, or a much greater 
difference than I have obtained from an iron wire; for the iron 
wire insulated in the gas tube only showed an increase due to this 
tube of 22 per cent., giving a total of 178 per cent. difference, or, 
by direct measurement, 1 métre of the iron wire with its insulated 
iron sheath, in the variable period, requiring 2°78 métres to 
balance it in the stable period; thus copper shows more than three 
times the sensibility to an exterior sheath of iron than an iron 
wire itself. Iron appears to be self-contained, and, as regards 
self-induction, comparatively less acted on by an exterior influence. 
This is well shown in the case of coils, where the induction of 
a coil of insulated iron wire is but slightly increased by its own 
reactions, or those produced by the introduction of an iron core, 


as in an electro-magnet, whilst copper coils with an iron core 


show a remarkable increase. We can thus easily obtain extra 
currents of ten times the electromotive force of those from an 
iron coil of the same length, resistance, or diameter; and the 
resistance of a copper coil, which in the stable period may be 
far less than that of an iron coil, can, by means of its increased 
self-induction from the reaction of its iron core, be greater than 
that of an iron wire coil. At first glance this may be considered 
unfavourable for copper; but we must remember that whilst 
copper, in the presence of iron, can be excited to a far higher 
degree than iron, and consequently has stronger extra currents 
and per proportional increased resistance in the variable 
period, this is really a measure of the work it is capable of doing, 
for we are able by means of this property to obtain the high 
efficiency of transformation of energy as in the secondary currents. 
In point of fact, a dynamo machine having its electro-magnet and 
armature wound with insulated iron wire would, irrespective of 
its resistance, have an extremely low efficiency as compared with 
those wound with copper; and as regards the resistance of either 
of these wires, there can be no doubt that the resistance of the 
armature of a dynamo, or, in fact, of any coil of wire as measured 
during the stable period, gives no approximate indication of 
what its real resistance is during the period in which it is doing 
work. 

The following table shows the influence of an iron tube sur- 
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rounding a straight iron or copper wire, compared with compound 


| Approximate Com- 
parative Increased 
Comparative | Resistance during 
Wires and Iron Tube each 1 metre Electromotive the Variable 
in length.  : Force of the Period (that of 
Extra Currents. the Stable 
Period being 
taken as 1.) 
Copper wire, 2 mm. diameter, alone 100 1:08 
Same wire insulated in the in- 
terior of the iron tube nee 450 10°34 
Same joined to the tube at bot 
ends ion 275 10˙00 
Same in contact with the tube 
throughout its length so 200 7°83 
Compound wire (copper interior 
with steel exterior) see one 325 4°35 
Soft Swedish iron, 2 mm. diameter, 
alone * 400 2°28 
Same wire insulated in the in- 
terior of the iron tube ... ae 433 2°78 
Same joined to the tube at both 
Same in contact with the tube 
throughout its length ... owe 215 2°60 
Compound wire (steel interior, 
copper exterior) ... soe eve 107 1:20 


The table shows that the iron tube has a much greater effect 
upon the copper wire than on the iron wire, the effect in both 
cases being at its maximum when the tube is insulated from its 
central conducting wire, for when the wire is in contact with its 
tube there is evidently a shunt action, or species of eddy current, 
formed between the outer coating and the central portion. This 
I have been enabled to measure by interposing the telephone 
between the inner core and the sheath, or still better, by employ- 
ing a double insulated sheath of iron or copper, and joining them 
together at one extremity, the opposite ends being joined through 
the telephone; by this means we are enabled to measure the 
differential effects of the secondary currents generated in an inner 
and in an outer sheath. 

The table also shows the effect of joining the outer sheath at 
both extremities, thus allowing a true eddy current to form; this 
at once reduces the electromotive force of the extra currents, but 
has but little effect on the differential resistance in the variable 
period. If, however, we place the wire in contact throughout, so 
that the effect from the centre to the exterior of each portion can 
at once be partially neutralised, then there is a marked decrease 
in its resistance ; and if, as in a compound wire, the exterior coat- 
ing is in direct and still more intimate contact with the inner 


core, we then have the maximum reduction. We can thus prove 


that the shunt effect, or partial neutralisation of the extra cur- 
rents, takes place locally, and probably transversely. We sce 
also, by its effect on the reduction of the resistance during the 
variable period, that the passage of an electrical current then 
takes place with less opposing resistance from the self-induction 
than could be the case if there were no internal partial neutrali- 
sation of the extra currents. No doubt this effect also occurs in 
sheets and strips, and has its influence in causing the remarkable 
reduction of self-induction that I have already shown. 

In conclusion, I once more desire to express my thanks to all 
who have taken part in the most interesting discussion that has 
followed the reading of my paper. Mr. W. H. Preece and Prof. 
Forbes, who have seen my experiments, have borne testimony to 
the truth and care with which I have carried out these researches ; 
and our well-known American electrician, Mr. Frank L. Pope, has 
cited examples showing that the superiority of a stranded iron 
wire was noticed even in the early days of telegraphy, and that 
the superiority of a compound wire over an ordinary iron wire is 
a well-known practical fact in the United States. He has also 
cited a case similar to the experiments of Prof. Guillemin and 
myself, where an electro-magnet was destroyed by lightning, not- 
withstanding that the telegraph line was joined direct to earth in 
advance of the electro-magnet. I am glad that many of the 
results of my researches are fully borne out by the practical ex- 
3 of the past; and I hope that those which have as yet not 

en foreseen in theory or applied in practice will receive the 
same attention and verification that all discoveries should 
undergo, as I feel convinced that their truth will become more 


and more evident when repeated in the laboratory or applied in 
practice. 


Physical Society, March 27th, 1886. 
Prof. W. G. Apams, Vice-President, in the Chair. 


Mr. A. R. Wright was elected a member of the Society. 

The CHAIRMAN read a letter from Dr. Alder Wright, Secretary 
to the “ Tribe Fund ” Committee, in which reference was made to 
the scientific work of the late Mr. Alfred Tribe, and an appeal 
made for funds to aid in the maintenance and education of his 
family, which, owing to his early death, has been left in 
straitened circumstances. 


The following communications were read :— 

* On an Are Lamp Convenient for Use with the Duboscq 
Lantern,” by Prof. S. P. Taompson. The old Duboscq lamp, 
though working well with a series of Grove’s cells, is very unsuit- 
able for use with currents from dynamos. Prof. Thompson has 
employed as a substitute in the Duboscq lantern a lamp commonly 
known as the “ Belfast arc lamp.” The result is all that can be 
desired as regards steadiness and regularity. The“ focussing,” 
that is, the adjustment of the arc so that it should remain 
unchanged in position, is effected by a wheel below the lantern, 
which is moved by hand. 

„On a Modified Maxwell’s Galvanometer,“ by Prof. 8. P. 
Tompson. The galvanometer consists of a light frame of copper 
upon which is a coilof wire. This is suspended between the poles 
of a horseshoe magnet, and a piece of soft iron is placed within 
the coil but free from it, which concentrates the magnetic force 
between the poles. The coil is suspended by two silver wires, by 
which it is in connection with two binding screws on the base of 
the instrument. This galvanometer is extremely simple in adjust- 
ment and very dead beat, it has also the advantage of being 
affected to an inappreciable extent by neighbouring magnets and 
currents, with a current in its own coils; when no current is in 
it, it is, of course, quite unaffected. The reading is effected by 
the ordinary lamp, mirror, and scale arrangement. 

‘ On the Expansion of Mercury between O and — 39°C. by Profs. 
W. E. Ayrton and Jonn Perry. Oh November 14th, 1885, 
Mr. G. M. Whipple gave the Society the results of the examina- 
tion of thermometers down to the melting point of mercury. 
There was, however, no evidence as to whether the contraction of 
the mercury continued uniform, as the thermometers were only 
compared with mercurial ones. The authors have therefore 
examined this point and have made a series of comparisons of a 
mercurial thermometer, lent them by Mr. Whipple, with a con- 
stant volume air thermometer, both immersed in a bath of frozen 
mercury which was allowed to gradually become warm. The 
result obtained was that no certain deviation from a linear law 
could be detected in the expansion of mercury when temperature 
was measured by the increase of pressure uired to keep a 
volume of air constant. Hence temperatures down to — 39° C. 
may be correctly measured by a mercury thermometer the stem 
of which is graduated for equal volumes. 

“On the Expansion produced by Amalgamation,” by Profs. 
W. E. Ayrton and Joun Perry. It has been accidentally 
observed by the authors that the amalgamation of brass is accom- 
pee by great expansive force. If one edge of a straight thick 

rass bar be amalgamated, it will be found that in a short time 
the bar is curved, the amalgamated edge being always convex, 
and the opposite concave. The authors imagine that a similar 
action may be the primary cause of the phenomena presented by 
the Japanese “magic mirrors.” Japanese mirrors are made of 
bronze and have a pattern cast upon the back, and although to 
the eye no trace of it can be discovered upon the polished 
reflecting surface, yet, when light is reflected by certain of these 
mirrors on to a screen, the pattern is distinctly visible in the 
luminous patch formed. In a paper before the Royal Society 
they have shown that this is due to the polished side opposite the 
thinner parts of the casting being more convex than the others, a 
conclusion verified by the fact that the pattern is reversed when 
formed by x convergent beam of light. Such a condition of 
things would evidently result from an uniform expansive stress 
taking place over the reflecting surface, the thinner, and conse- 
quently the weaker, parts becoming more convex or less concave 
than the others. The authors have hitherto attributed this ine- 
quality of curvature to a mechanical distortion to which the 
mirrors are intentionally submitted during manufacture, to pro- 
duce the general convexity of the polished surface, but they now 
think it possible that the use of a meroury amalgam in the 

rocess of polishing may have an effect in the production of this 
inequality of curvature. 


10th, 1886. 
Prof. BALTrOUR Stewart, President, in the Chair. 


The following communications were read :— 

On the Cause of the Solar Diurnal Variations of Terrestrial 
Magnetism,” by Prof. Batrour STEWART, L.L.D., F. R. S. The 
author commenced by reviewing various theories that have been 
advanced to account for the solar diurnal inequalities of terres- 
trial magnetism. That they can be due to the direct magnetic 
action of the sun is highly improbable, since terrestrial analogies 
would lead us to infer that matter at the temperature of the sun 
is quite incapable of possessing magnetic properties, and also 
from the fact that changes in the range of the daily variation lag 
behind corresponding solar changes in point of time. The h 

thesis of Faraday, that the observed variations are the result of 
the displacement of the magnetic lines of force due to the varying 
temperature, and consequently varying magnetic permeability of 
the atmospheric oxygen, is disproved by the fact that there is no 
agreement between the chief magnetic variations and those of the 
temperature of the great mass of the atmosphere, though it is 
certain that there must be some effect due to this. The earth- 
current hypothesis is quite unable to explain one of the chief 
characteristics of these variations, that they are half as great 
again at periods of maximum as at those of minimum sun-spot 
frequency ; Sir George Airy has, moreover, been unable to detect 
any resemblance in form between the regular diurnal progress of 
the magnet and that of earth currents. We seem, therefore, 
compelled to seek for the cause of the variations in the upper 
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atmospheric regions, and we cannot imagine such a cause to 
exist in any other form than that of a system of electrical 
currents. That currents may, and actually do, exist at great 
heights is shown by the Aurora, which is unquestionably an 
electric current and manifests a close connection with the phe- 
nomena of terrestrial magnetism. The great increase of magnetic 
variation at epochs of maximum sun-spot frequency can also be 
accounted for on this supposition. Prof. Stokes has remarked that 
an increase in the radiating power of the sun would probably 
imply, not only an increase in general radiation, but a special 
and predominant increase in such actinic rays as are probably 
absorbed in the upper regions of the earth’s atmosphere. These 
regions will, therefore, greedily absorb the new rays, their tempe- 
rature will rise, and, as is known to be the case for gases, the 
electrical conductivity will be increased. Thus, even if we 
imagine the general atmospheric current to remain constant, a 
greater proportion of it would be thrown at such times into those 
heated portions which had become good conductors, but it is also 
probable that the current itself would be increased. Assuming the 
existence of currents at great altitudes, the regularity and general 
characteristics of the diurnal variations would seem to point to a 
direct magnetic action of the currents, rather than to any general 
induced change in the magnetic system of the earth, which, to 
produce the observed results, would have to be of a very artificial 
character. The diurnal variation of the declination, attaining a 
westerly maximum at 2 p.m., north of the equator, and an 
easterly maximum at the same time south of it, would suggest 
the existence of currents flowing northward and southward from 
the equator to the poles, attaining a maximum in each hemi- 

here about two hours after the sun had passed the meridian. 

o supply this flow we should probably have to assume the 
existence of vertical currents ascending from the equatorial 
regions of the earth. At this point Dr. Schuster had endeavoured 
to apply mathematical analysis to the subject. From the 
recorded observations at Greenwich, Lisbon, Hobarton, St. 
Helena, and the Cape, he has shown that the work done by a 
magnetic pole describing a closed path in a horizontal plane at 
those places is equal to the work done upon it, and consequently 
no part of the ascending current can be enclosed by the path. 
Hence the potential at those places obeys the law expressed by 
the equation 

dé dy 
From this, Dr. Schuster has deduced two possible expressions for 
the potential, one referring to a system of currents above our 
heads, and the other to one beneath our feet. From the first of 
these expressions it follows that for latitudes greater than 45°, 
the maximum of horizontal force should coincide with the mini- 
mum of vertical force, and vice versa, and this is actually the case 
at Greenwich: while the opposite should hold if the influencing 
system were beneath us. For latitudes below 45° the reverse of 
the above should be the case, and the observations at Bombay, 
though less decided than those at Greenwich, would seem to 
point the same way. On the whole, then, it must be said that 
the results of the first attempt are very encouraging, and point to 
the supposition that the greater part of the disturbing cause lies 
outside the earth’s surface. 

In a discussion that followed, Mr. WurerpLe remarked that 
recent observations in high latitudes seem to show that the 
Aurora is not always at such a great height as is usually sup- 
posed. Prof. A. W. Riicker cited the well-known case when an 
observer saw what appeared to be a meteor fall into the sun, 
while simultaneously, or nearly so, there was recorded a mag- 
netic disturbance on the earth, as showing a direct solar action. 
Mr. Whipple, however, stated that he had recently examined 
this point, and believed that the very slight notch in the record, 
many similar to which have occurred since, was of an accidental 
nature, and a mere coincidence. 

Prof. McLeop suggested that the earth-current theory might 
be tested by observations at the bottom of a mine, where, accord- 
ing to the theory, the disturbances should be reversed. 

Prof. Apams believed that there was nothing physically im- 
impossible in the existence of such currents as the author imagined. 

‘ On a Relation between the Critical Temperatures of Bodies, 
and their Thermal Expansions as Liquids,” by Prof. A. W. 
Rucker, F. R. S., and Prof. T. E. THorpe, Ph.D., F. R. S. A paper by 
the authors bearing the above title was published in the Journal 
of the Chemical Society of London for April, 1884. The substance 
of the paper was as follows : Prof. Mendelejeff has shown that the 
expansion of liquids under constant pressure between 0° C. and 
their boiling points may be expressed by means of the very simple 
formula 

1 


1—kt. 
vi being the volume at t.“ C. (that at 0° being unity) andka 
quantity which differs for different substances but which may for 
any one substance be considered invariable between 0° C. and the 
neighbourhood of the boiling point. From this law the authors 
have obtained as a deduction the following expression for the 
critical temperature (re) of any liquid 


T V, — 273 
a (v, — 1) 
where v, is the volume at t.“ C., T the absolute temperature, and 


a a quantity which is very nearly constant for all substances, and 
which was shown to be very nearly 2. 


In a recent paper (Ann. Ch. Ph., March, 1886,) MM. A. Bartoli 


0. 


Vt 


Te = 
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and E. Stracciati have discussed both of these formule, and haye 
applied them to cases in a manner never intended by the authors, 
hey have expanded Mendelejeff’s formula into the series 


v 


which is a geometrical progression, and they have objected 
that the results of Pieire, Kopp, Hirn, Thorpe, &c., do not give 
for the coefficients of t, t?, 8, quantities in geometrical progression. 
The results of these observers are given in the usual form 


ve IT at + 
but owing to unavoidable errors of experiment the constants e, d 


of different observers differ very largely, and Mendelejeff’s 
simple expression gives the results of all quite as accurately as 
the facts will allow. MM. Bartoli and Stracciati have then 
criticised the expression given by the authors, and have applied 
it to determine the critical temperature of water from its expan. 
sion to 200° C., whereas the original expression is only given as 
applicable as far as the boiling point. They have further 
recorded a number of critical temperatures calculated by the 


formula to tenths of a degree, for which the constant a would 


require to be known to ‘025 per cent., whereas there is no reason 
for supposing it known to within one per cent., or more. 


NEW PATENTS—1886. 


5168. “ Electric lighting of trains.” R. E. B. Cromproy, J. 
SWINBURNE. Dated April 14. 

5176. “ Dynamo-electric and electro-dynamic machines.” C. 
L. BAKER. Dated April 14. 

5215. Electrical batteries.“ A. CAmMPBELL. Dated April 14, 

5218. Electrometer.” B. Pezz. Dated April 14. 

5223. “ Insulating materials for electrical purposes.” P. 
Warp, S. J. BLANE, Bart. Dated April 14. 

5242. Electric arc lamp.” J. L. Baus, F. Tottey. Dated 
April 15. 

5250. “ Couplings and fastenings for coupling the ends of 
ropes containing an insulated wire and for securing the ends of 
such ropes to grapnels.”” H. Kinasrorp. (Communicated by 8. 
Trott and F. A. Hamilton.) Dated April 15. (Complete.) 

5273. Arrangement for mounting and driving dynamo- 
electric machines.” H. P. Hout. Dated April 15. (Complete.) 

5276. Telephonic apparatus.” E. BERLINER. [ated April 
15. (Complete.) 

5298. Secondary voltaic battery.” 
April 16. 

5338. Governing dynamo and other machines” W. T. 
GooLDpEN, A. P. Trorrer, H. W. Ravensuaw. Dated April 16. 

5341. Mechanical telephones.” E. P. ALEXANDER. (Com- 
municated by H. Lamont.) Dated April 16. 

5381. “ Electrical contact apparatus.“ A. DE KHOTINSKY. 
Dated April 17. 

5409. “ Dynamo machines.“ L. Bottman. Dated April 19. 

5437. “ Electric arc light.“ A. N. J. Contarini, N. Conto- 
pouLos. Dated April 19. 


C. Mosetry.. Dated 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1885. 


3525. “Improvements in apparatus for distributing and 
utilising electricity.” R. P. SELLON and J. S. SELLON. Dated 
March 18. 8d. The object of the invention is to provide means 
whereby a current of high tension may readily and simply be con- 
verted into one of low tension, without the necessity of employing 
secondary batteries or other intermediate converting appliances, 
for attaining this end, and means for regulating the speed of 
motors, so that a constant or any desired ratio of difference in 
speed may be maintained of the motors, whether they are doing 
useful work or merely running idle. The inventors employ 4 
dynamo-electric or electro-dynamic machine, of which the revolv- 
ing armature is wound with two distinct and independent sets of 
coils, each set of coils being carried to a separate commutator or 
collector. The iron of the field magnets of this armature is com- 
mon to both sets of coils of the armature, but the field magnets 
have coils so arranged that a portion is in connection with the 
first set of coils upon the armature and a portion is in connection 
with the second set of coils upon the armature. By this arrange- 
ment they obtain what may be called a“ motor generator” inas- 
much as the passage of a current through one set of coils upon 
field magnets and its corresponding armature coils will cause a 
revolution of the armature to take place, the speed of such revolu- 
tion being mainly dependent on the intensity of the magnetic 
field in which it revolves. This revolution will cause the second 
set of coils upon the armature to be likewise drawn through a 
magnetic field, and thus a current will be set up in the coils of 
the second portion of the armature, which may be used for any 
purpose, for example lighting or heating. 


4506. “Improvements in telegraphs.” C. Lanapon-DAvIEs. 
Dated April 11. 8d. According to this invention telegraphic 
signals are transmitted by means of induction coils furnished 
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with vibrators, and in conjunction with electrophones in such a 
manner as to permit of one or more electrophonic transmissions 
simultaneously with the ordinary telegraphs. 


4641. Improvements in electric telephony.” J. G. LORRAIN. 
Dated April 13. 6d. Consists in employing as charging batteries 
for the transmitting and receiving instruments aseries of secon 
couples or accumulators, arranged so that they can be themselves 
charged in quantity by a primary battery, or other source of 
electricity, and then when required they can be arranged in series 
for charging the transmitters or receivers. 


4688. ‘Improved carrier or support for. incandescent lamp 
shades.” A. Swan. Dated April 16. 6d. Three arms made of 
thin hammered brass (or other suitable material) radiate from a 
common centre, and are so shaped and bent, as to form a spring ; 
each arm of the spring at its termination being turned down and 
inwards, so as to form a claw. A loose ring, forced over the 

ring, presses the arms together, and this has the effect of 
— the claws upon the projecting flange of the shade, and so 
—— it. The “eyelet,” or disc, from which the arms of the 

ring radiate, is furnished with a tapped ferrule, to any required 
size to suit either a nozzle for flexible cord, or for coupling on to 
a fixed electrolier. 


4771. “Improvement in wiring interiors for electric light and 
other purposes, and in devices and tools therefore.” 15 J. B. 
Mitts. (Communicated from abroad by L. Stieringer and J. H. 
Vail, both of New York.) Dated April 17. 8d. Consists in the 
use of staples or hooks of insulating material, which are inserted 
into the supporting woodwork of the structure, or a wood 
moulding or other suitable insulating backing supplied for the 
purpose. 

4854. Holder for incandescent lamps.“ H. Preper. Dated 
April 20. 8d. Consists of two main parts, a plug made of 
insulating material and a metallic spiral. The plug, which is 
designed to be attached to the arm or bracket carrying the lamp, 
is provided on the upper part of its side with a small binding 
post, to which is connected one of the conducting wires, while the 
other conducting wire is carried to a screw centrally inserted into 
the bottom of the plug. The spiral, made of thick wire, con- 
stitutes a kind of nut adapted to be screwed with one end on 
screw threads formed on the lower portion of the plug, and with 
its other end on the base of the lamp, also provided with corre- 
sponding screw threads, a connection between the plug and the 
lamp being thus produced. 


4963. “Improvements in couplings for an electric circuit in 
connection with the brake pipes of railway trains.” ‘ 
Lanepon. Dated April 22. 8d. To a block of ebonite, or any 
other insulating material, the inventor affixes two pieces of metal, 
or fangs, insulated at that part at which they are attached to the 
ebonite, the one from the other. One of these fangs he makes 
rigid, the other consists of a spring so constructed that the end 
opposite to that at which it is fixed to the ebonite shall make 
contact with the rigid piece of metal, or fang, previously referred 
to. The inside of this rigid fang he insulates, leaving uninsulated 
only such space at the extreme end, as is required to enable the 
spring fang to form metallic contact with it when at rest, that is, 
when the coupling is disconnected or uncoupled. The space 
between the two fangs is regulated by the thickness of the rigid 
fang. The block of ebonite carrying the said fangs, he fixes in a 
hood, or cover, and having attached the necessary wires by which 
the electrical communication is carried through each coach or 
other vehicle, a hood with its contents is firmly fixed upon each 
portion of the brake coupling in such a manner, and in such a 
position, that when the two portions of the brake coupling are 
connected up, the fangs upon the one portion shall engage with 
the fangs upon the other portion, and this, so that the spring 
fang of the one, shall form contact with the rigid fang of the 
other, and that when thus thrust together, the spring fang shall 
be forced apart from the rigid fang of its porticn of the coupling 
which in its normal condition it maintains, and the two wires 
forming the communication attached to each portion of the 
coupling shall become respectively connected with each other. 


9202. “ Improvements in galvanic batteries.“ A. ScHANSCHIEFF. 
Dated April 27. 4d. The inventor applies directly on to the 
positive plates of batteries an exterior coating of collodion 
albumen gelatine, gluten, or such like substance to protect their 
surface from the direct action of the liquid in which they are 


immersed, and so avoid local action and render the battery current 
constant. | 


CORRESPONDENCE. 


Secondary Generators or Transformers. 


IN your issue of the 9th inst., wherein you publish the 
letter in which we claim absolutely the exclusive right 
to use secondary generators or transformers for the dis- 
tribution of electrical energy of variable quantity and 
potential according to the requirements of each in- 
dividual consumer, you state that the publicity given 
by you in 1883 to the anterior work of Sir Charles 


Bright, Messrs. Jablochkoff, Fuller, and others shows 
the absurdity of our present claim. 

In arriving at this conclusion you have evidently 
forgotten that vou cited these anterior experiments to 
prove the uselessness of the researches that we were 
making at that time, all the attempts mentioned having 
remained without any industrial result, owing to the 
insufficiency of the returm obtained by these experi- 
mentalists whose value as scientists was much greater 
than ours. 

Sir Charles Bright himself declared, at the meeting 
of the Societé Internationale des Electriciens, at Paris, 
in February, 1884, that the experiments made by him 
in 1878 for arriving at the same results as ourselves, 
and by similar means, only led him to establish a loss 
of 50 per cent. We have, then, the right to claim that 
our trial installation on the Metropolitan Railway was 
unprecedented ; it consisted of the distribution, at five 
of the stations, by means of a circuit 15 miles long 
and 3 mm. in diameter, of electrical energy in the 
different forms required for feeding the various appa- 
ratus employed there ; this fact constitutes a new and 
consequently patentable industrial result. 

It is equally incontestible that in 1884, at the Turin 
International Exhibition, we positively for the first 
time transported and distributed over a circuit 82 kilo- 
metres long and 3°7 mm. in diameter, electrical work 
of 50 H. P.; this electrical energy was employed at five 
different points for lighting all known kinds of elec- 
trical lamps. 

The industrial development which our system of 
distribution has now attained renders it impossible to 
deny that we have been the first to indicate the con- 


ditions for the construction of induction apparatus, 


capable of giving a transformation return of 95 per 
cent. 

We therefore rely upon successfully defending in 
the Courts of Law our patents, which comprise: “A 
new system of distributing electricity over great dis- 
tances, and of transforming this energy at an unlimited 
number of points on one and the same circuit into 
electrical currents absolutely independent of one 
another and of every kind, that is, suitable for all 
purposes such as arc and incandescent lighting, motive 
power, electro-chemical processes, &c.“ 

You will observe that the great problem of the dis- 
tribution of electrical energy had never been before 
defined with precision, and the results which we have 
obtained are there to prove that our claims are not 
based upon ideas that can be called Utopian or absurd. 

L. Gaulard. 
J. Dixon Gibbs. 

London, April 16th, 1886. 

[ Messrs. Gaulard and Gibbs misunderstand us. We 
do not, for one moment, disparage the work done and 
the results obtained by our correspondents ; indeed, 
whatever may be the ultimate fate of their apparatus, 
they deserve to achieve success. We again say, how- 
ever, that these gentlemen were ill-advised in claiming 
transformers of any model for the purpose of distri- 
buting electrical energy. Do they include those very 
models of Bright, Jablochkoff, Fuller, and others, which 
they admit to be anterior to their own specifications ? 
Because the Willans’ engine, as shown in the report on 
the Crompton dynamo in our last week’s issue, is more 
economical than such motors have been thought 
hitherto, Messrs. Willans and Robinson might, with as 
much show of reason, claim any model of high-speed 
direct-driving engine. Messrs. Gaulard and Gibbs are, 
doubtless, entitled to the sole right of the mechanical 
construction as adopted in their induction coils, but 
other people have an equal right to employ different 
methods of manufacture, the principle being free to 
all.ä—Ebs. ELEC. REV. | 


Measuring Intermittent or Alternating Currents. 


In your issue of 9th inst. is a communication from 
Profs. Ayrton and Perry, in which certain experiments 
of Captain Cardew’s are mentioned. Now isn’t it 
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begging the question to suppose that the Siemens 
dynamometer, or any such instrument, measures the 
mean square of an intermittent or alternating current ? 
1 have a faint recollection of an investigation of Prof. 
Mascart’s (?) into this question, in some paper of his 
on alternate currents, which were measured by a 
Thomson electrometer with needle connected to one 
pair of quadrants ; but I can specifically refer you to a 
paper by Hospitalier in L’Hléctricien, vol. viii., p. 289, 
on this subject. 

I should recommend experimenters when they ask for 
mean squares to see that they get them. 


April 17th, 1886. 


F. J. 


Professor Hughes and Self-Induction. 


In my letter to you of the 12th inst., published in 
No. 438 of your journal, I enumerated several novel 
propositions which Professor Hughes has given for the 
guidance of the practical electrician. 

Now, if I rightly understand the professor’s meaning, 
it follows that if two circuits, one of iron and the other 
of copper, but both of the same resistance, as deter- 
mined by the “stable” method, were employed to 
carry rapid currents, the strength of the working cur- 
rent would be very much less through the iron than 
through the copper. My experiments were made with 
a view to test the correctness or not of such a state- 
ment. The results I have obtained certainly do not 
agree with those given by Professor Hughes; for I find 
it to be practically immaterial of what metal or form 
the conductor is, providing the resistance is precisely 
the same. That is to say, Ohm’s well-known law, as 
far as I can judge by the light of my own experiments, 
appears to be practically correct for “ variable” as well 
as for “stable” currents. 

I should not have written you again on this subject 
had not you, in your comment on my letter, called in 
question the suitableness of a galvanometer for such an 
experiment as I explained in that letter. 

My object was to ascertain the strength of the work- 
ing current under variable conditions of the conductor, 
bearing in mind always to keep the resistance the 
same. Now I found the galvanometer a most suitable 
instrument for my purpose, for, when the resistance of 
the circuit was intentionally altered, it proved very 
susceptible to the slightest change. When a telephone 
was substituted for the galvanometer, it appeared, as far 
as the ear could judge, to be affected the same as the 
In the case of using reversals, if the 
connections of the galvanometer be reversed at the 
same time as those of the battery, a steady deflection 
would be obtained which would represent the true 
strength of the working current. I am referring to a 
mirror reflecting galvanometer, the divisions on the 
scale of which are, for all practical purposes, directly 
proportional to the strength of the current. Of course, 
theoretically, the speed of the interrupter, or reveiser, 
might be such that the galvanometer would be appa- 
rently unaffected, while a telephone would be still 
audibly affected ; but that proves nothing more than 
that the telephone is the more sensitive instrument of 
the two in an experiment of that kind. 

My belief is that, in dynamic electricity, polarisation 
precedes conduction, in fact that conduction is the re- 
sult of polarisation, and that there can be no conduc- 
tion without polarisation ; consequently, before an 
electric current can be produced in matter of any 
description, size, or form, the atoms composing such 
matter must all have become polarised by induction. 
If this be so, it follows that, when a battery or other 
source of electrical power is applied to a conductor, a 
certain period of time must elapse before the strength 
of the current flowing in the conductor reaches its 
maximum ; this period of time is the “variable” or 
polarisation period, and is that period in which all the 
phenomena examined by Prof. Hughes takes place, 
therefore it is most important to know, with some 
degree of accuracy, its duration, for thereon depends 


the practical importance of the subject in its relation 
to telegraphy, &c., that is to say, if the duration ig go 
brief as to be infinitesimal, then its practical import. 
ance is equally small. It is during this period that the 
resistance of an iron wire, as measured by Professor 
Hughes, is stated to be more than three times that of 
copper. 

In my arrangement, a complete circuit was made 
up of a galvanometer, rapid interrupter, battery and 
wire under test, the interruptions were exceedingly 
rapid (about 200 per second), and the probable period 
of contact during which the circuit was closed must have 
been less than the zghoth part of a second. That being the 
case, it is clear that, if the “ variable” period lasted 
for the ;},th part of a second, then the galvanometer 
would only be in circuit during the “variable” 
period, and the deflection would consequently represent 
the current flowing in the “ variable” period alone, and, 
since the current flowing depends upon the re. 
sistance of the circuit, the deflection would indicate 
the resistance in the “variable” period. Now, 
by this method, an iron wire and a copper wire 
can be directly compared, and since they have been 
compared by actual experiment and found to produce 
practically equal deflections, it follows that either the 
“variable” period is equal in both cases, or else that 
the duration of that period is so exceedingly small that, 
although the circuit is only closed for the 5} 5th part of 
a second, yet that brief period is sufficiently long to 
embrace not only the “ variable” but also the “stable ” 
period; and, further, that the“ variable“ period forms 
so small a part of the ;},th part of a second, that the 
test, although of so brief a duration, is practically a test 
of the “stable” period. It must be clearly understood 
that each contact forms an independent test, the galva- 
nometer deflection representing the result of many of 
these tests superimposed one upon the other. 

No doubt the duration of the “variable” period 
depends upon the work the polarisation has to do ; and 
since, owing to the magnetic properties of iron, polari- 
sation in that metal is called upon to perform a greater 
amount of work than in other metals, it is quite under- 
standable that, theoretically, the“ variable ” period for 
that metal may be of greater duration than with non- 
magnetic metals. But what I doubt is, whether it is of 
such practical importance as Prof. Hughes supposes it 
to be. The question is one of great importance in 
telegraph systems, especially where high-speed instru- 
ments are worked, and I have no doubt but that long ere 
this it has been practically tested by practical men. If 
that be so, perhaps those gentlemen will publish the 
results of their experience ; and, should they confirm 
the view of Prof. Hughes, that gentleman will have 
again rendered very valuable service in the advance- 
ment of our electrical knowledge. 

Willoughby Smith. 

April 20th. 


Incandescent Lamps. 


In your report of the adjourned discussion on Mr. 
Bernstein’s paper, an error has crept in. 

In my remarks I pointed out that lamps worked on 
the series system must of necessity have shorter lives 
than if worked on the parallel system. This fact 1s 
quite independent of the character of the lamps. In 
his reply you make Mr. Bernstein say that my state- 
ment “is not correct if the carbons were of proper 
quality.” Mr. Bernstein did not say this. He did not 
question the accuracy of my statement. 

As you last week devoted a leading article to the 
important subject of life of lamps, this cardinal dif- 
ference between the effect of constant current and 
constant potential difference working may be of 
interest to your readers, and I am anxious that no mis- 
apprehension should exist on the point. Perhaps, in 
justice both to Mr. Bernstein and myself, you may 
think it worth while to put the matter right. 

A. M. Mordey. 

April 19th, 1886. 
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Aceumulators. 
Telegraph Instruments.—Tele- 


Address 


PATERSON & COOPER, 5 8 


ELECTRIC LIGHT & POWER & TELEPHONE ENGINEERS 


To H.M. Government, Leeds Corporation, de., 


European Works, Pownall Road, DALSTON, 
NEAR HAGGERSTON STATION. 


Measuring Instruments. 


3 Voltmeter. Armmeters. 
Prize Modals.—Paris, 1881; London, 1882; Caleutia, 1883; London, mé Electro-magnet 


Electro-magnet, Ayrton & Perry, 


885; Antwerp, 
{ ary, 1886, 


Dynamos.—Phenix Dynamos for Incandescent or Are & 1232 E Es 
Lighting, Ship Lighting, Plating, &c. : 
| Ineandescenee Lamps. — Agents for Swan, 
Search Lights for Naval and Militery purposes; S a Bernstein, Alexandra, and other well- 
Submarine Arc Lamps for Salvage or Fishing. AJ O .. 
Engines.—High Pressure and Condensing; Steam 4° Carbons,—Hardtmuth’s 228 Core and Wallner Diamond 
Brand, 


Boilers, Turbines, Water Wheels, Overshot & > 
Breast and Undershot, Shafting, Pulleys, eC) D 


Fittings. Sockets, Holders, Lamp “Reflectors, Switches 
Plummer Blocks, Gearing, Belting, &c. hy & | (Maynard, R. R, Click Over, &c.), Safety 


Junctions... À large assortment of Brackets and 
Pendants suited for Mansions, Hotels, Corn Mills, 
Factories, Ships; &c. 
_ Plating. —Nwkel and Silver Plating done for the Trade; Complete 
Outfits of Plating Dynamos, Vats, &e., supplied to specification. 
Secondary Generators.—Licensees for Gaulard and Gibbs of 
Secondary Generators for Central Stations. | | 
Exploders and Torpedo Gear.—Admiralty and Mackenzie Firing Keys ; 


Are Lamps.—Licensees and Makers of a 
Pilsen, Clarke-Bowman, Pheonix, 
“J. F.,“ and other lamps. 


phones, Switeh-boards, 
Magnetos, S. N. Instru- 4 
ments, &e., &. a | 


Engineering and Electrical Work of all sorts carried out.  Estimates and Specifications for Electric Lighting mree of cost. 


ELECTRIC LIGHT LEADS, GUTTA-PERCHA, (NDIA-RUBBER COMPOUND RAIDED 


COTTON, SILK-COVERED WIRES. 


PHILLIPS BROS., 
ELECTRICAL WIRE MANUFACTURERS, 
THE LEA TELEGRAPH WORKS, HACKNEY WICK, = 
LONDON, 


MACINTOSH. ‘LANE, HOMERTON, 


BST ABLISHED 1870. 
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SPECIAL wines FOR INCANDESCENT LAMPS 


uve WIRES FOR HIGH RESISTANCES. FLEXIBLE CORDS, TELEPHONE 
MULTIPLE, AND SUBTERRANEAN GABLE WIRES TO 
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Cost Knoe W Water and Air Proof 
EBONITE. 
“Not affected by be Hydrochtoris or Acetic Acta 
‘Pumps. + Sheet and Rod. 


COMPANY, 


| Offices and Warehouses: 106 & 100, CANNON STREET, LONDON, BO. CaF 
1 Worxs: Silvertown, Essex; Persan-Beaumont, 


"TELEGRAPH ENGINEERS MANUFACTURERS 


CABLES.-Submarine, and Aéria:. 


WIRB,—India-Rabber and Gutta-Percha covered in all ganges. Ne 
TL INSTRUMENTS. —" Morse” Inkers, Single Needle, Wheatetone’s 


Alphabetical, 
Resistance Coils, Sir W. Thomsom's, and other Galvanometers, Condensers, Testing Instruments, &c. 


|| BATTERIES.—soie MANUFACTURERS FOR, GREAT BRITAIN COLONIES OF 


LROLANOHE BATTERY from the F 2 
à Content gers, and ig how the Post Office 15 
an ntinental ways. Battery for all purposes 

other kinds of Batteries also manufactured. Ebonite Cella, Carbon Plates, &c. | 


INSULATORS.—Ebonite, Porcelain, Brownware, &. 
Mawvraorvemks of run moor Arranarus von RAILWAY BLOCK SIGNALLING. 


SEMAPHORE REPEATERS, “ LIGHT ” INDICATORS, AND WALKERS “ PASSENGER AND GUARD ” COMMUNICATOR. 


TELEGRAPH STORES AND APPARATUS OF EVERY DESCRIPTION, 


TORPEDO APPARATUS. 


THE INDIA-# GUTTA-PERCHA, AND. TELEGRAPH WORKS COMPANY (Limited) are 


and Manufacturers ofa Complete System of Torpedoes for Harbour and Coast Defence, 


AND OF THE 


PATENT FIRING . BATTERY. 


A Constant Battery for Mining and Blasting Purposes. 


CONTRACTS ENTERED INTO for the SUPPLY, ee ee and MAINTENANCE of TELEGRAPH atin | 


| MANUFACTURERS or 


 VULCANISED INDIA RUBBER. 


| | VALVES, SHEET, BUFFERS, SPRINGS, WASHERS, WHEEL TYRES, CORD TUBING, AND DOOR AND CARRIAGE MATS, 


INDIA RUBBER AND CANVAS SUCTION AND DELIVERY HOSE. 
INDIA RUBBER and CANVAS STEAM PACKING — ROUND, SQ UARE, and SHEET. 
INDIA RUBBER MACHINE DRIVING BANDS. | 


WATERPROOF GARMENTS AND FABRICS: 


* , 
* 
£ 

17 


* 


dbs woran; | SILVERTOWX, ESSEX, LONDON, E.; PERSAN- BEAUMONT, FRANCE 


Office 108, CANNON STREET, BGC. 


CANNON STREET, E. 
| BRANCHES : | 
20, Dixon Street. Barsro.u 

YorRKsurm: ... , Ki Newrort, Mon Dock Street. 
64a, High Street. | CanDirr Pierhead Cham 
4 «88, Bagh Street. Norra . Borough Read. 
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